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PREFACE

Ohio today faces a solid waste crisis. We generate ever increasing amounts of solid waste while our waste dis-
posal capacity constantly diminishes. When these two developments converge we will experience a crisis. Not
least among the consequences will be reversal of Ohio's recent success in preventing litter. Ohioans have long
e.tjoyed convenient and inexpensive solid waste disposal and have not given the matter much thought. In-
formed public opinion, intelligent public decision making and public action are called for now to forestall and
ease the crisis.

The Ohioans who follow us will have to contend with their waste and with the waste they inherit from us.
From us they will inherit waste management methods and habits, and they will devise their own methods, all
of which will have practical limitations. They will face the same potential convergence of waste and disposal
capacity, and the same need to forestall and ease the crisis. We owe them the least waste and the best methods
and habits possible. We owe them something more. The next generation of Ohioans should be adequately in-
formed about our waste and prepared with the skills to make intelligent decisions about what to do with it.
They should have the opportunity to think about waste before tilty must contend with it as a public crisis.

Super Saver Investigators is about solid waste, what it is and where it is generated, how we manage it and
could manage it better, the consequences of mismanagement and the drain on our natural resources our waste
represents for the environment.

Super Saver Investigators contains many hands-on, skill enhancing activities for elementary students. The
ideas for these activities were generated at a week long workshop by a select group of Ohio elementary teach-
ers actively involved in environmental studies education. The fruits of their labor are recommended to teach.
ers and school districts and also to public agencies and parents who wish to teach children about an important
load, state, national and international environmental issue.

Super Saver Investigators is produced as part of a comprehensive effort by the Ohio Division of Litter Preven-
tion & Recycling to foster responsible waste management practices. The goal Super Saver Investigators is in-
tended to serve through public education is to change for the better Ohioans' attitudes and behaviors toward
their wastes.

Mary L. Wiard, Chief
Division of Litter Prevention & Recycling

Ohio Department of Natural Resources
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THE SOLID WASTE CRISIS IN OHIO

What Is Happening
Beneath the manifestations of our affluence the high-rise buildings, the shiny automobiles, the aisles of
abundant foodstuffs is a behemoth growing on trash and garbage. Each individual feeds this creature sev-
eral pounds of solid waste each day. In Ohio this adds up to more than 10 million tons of solid waste each year.
Snow solid waste is misplaced and stays with us as irritating litter; but most of it is buried in the ground.

There is a problem: the amount of solid waste we product is increasing, while the amount of land in which we
can safely bury it is decreasing. 48 of Ohio's 88 counties are expected to run out of approved landfill space by
1991.' States east of Ohio that have already encountered the same problem have begun exporting solid waste
to Ohio. Environmentalists and legislators now speak of a growing solid waste crisis.

We cannot ignore the problem. It will not go away. If we do not act the result will be the poll' O.: in and degrada-
tion of the land and waters on which we live and of which we are the stewards.

What Is to Be Done
Our nearly total reliance on inexpensive landfilling as the primary method of solid waste disposal has contrib-
uted to our solid waste crisis. However, we will never be able to abandon completely the practice of landfilling
solid waste. We must find more land in which to bury solid waste, but it will be harder to do and more expen-
sive. Proposed new landfill sites must meet geological standards to protect against groundwater pollution.
Once sited an approved modern sanitary landfill facility is subject to strict guidelines and tough enforcement.
The costs of waste management facilities accordingly go up. As Ohio grows, landspace becomes more valuable
for residences, farming, industry and wildlife prelection. If like our eastern neighbors we export our waste
westward, we can add the cost of transportation to our final waste disposal bill.

There is no single simple solution. What is called fin- is a comprehensive approach to solid waste th:a inciudes
workable ways of reducing significant portions of the solid waste stream, in additior to appropriate placement
and safe operation of sanitary landfills, Comprehensive planning ant. policy fbrmation by citizens. communi-
ties, government officials and representatives of business and industry will be necessary. In planning we will
have to take into account all the methods of waste reduction we can find.

There are lbur commonly recognized ways of dealing with solid waste other than landfilling. Wecan reduce' the
amount of waste we produce by consuming less packaging and fewer goods in the first place. We can reuse some
consumer durables and build them for extended life. In doing so we postpone the time at which they become
waste to go to the landfill. We can recycle some of our waste and postpone indefinitely the need to landfill it. We
can incinerate solid waste that would otherwise go to the landfill to significantly reduce its volume. By reduc-
ing the amount of waste to be' landfilled. each alternative conserve's landfill space. thereby postponing the ne-
cessity of condemning another piece of land to use as a landfill. Reduction. reuse and recycling save landfill
space'. but they also save energy and other natural resources. Similarly when waste is incinerated in energy
recovery systems to product' heat or electricity natural resources that would otherwise he buried are con-
served

Each alternative has its limitations and its costs. in terms of impact on the environment, reduction and reuse
are 11w best alternatives, but they do not promise to address a large enough portion of the solid waste stream.
Waste incineration systems are expensive, have the potential for air pollution, and produce ash which must be
appropriately landfilled.

The Ohio Division of Litter Prevention & Recycling t DLPR) recommends that recycling be taken seriously in
solid waste planning. There are recycling systems and technologies for paper, yard waste, glass, plastic, alumi-
num, rubber, oil, steel and other materials. 50'1 of Ohio's solid waste stream is recyclable material, but it is not
practically possible to recycle all of this. DLPR estimates that 25q of all of Ohio's solid waste could be col-
lected, cleaned and marketed.

The most efficient way to channel these materials away from the waste stream is through community recy-
cling efforts, called source separation programs. Source separation means consumers separate glass, alumi-
num and paper products land possibly many other items) at their homes and take the separated materials to
recycling centers or put Him out at the curb so that special recycling collection trucks can pick them up.
Source separation already exists in Ohio in communities that have' for profit andior not.forprofit recycling col-
lection centers which provide consumers the opportunity to recycle. A few communities have initiated, or plan
to initiate, curkide collection of rmyclables. School and civie groups collect recyclables for many reasons, By
-"1.1ndvrstanding Ohio's Solid Waste Crisis:" The Ohio Alliance fi,r the Kovirom-rwni 4Svorn.ber, 19$6 ).
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recycling th y make money to support charities or to purchase hand cost tunes and other school-related items.

Many Ohio recyclers are MOt ed by an env irannaqii al ethic. Nothing is more valuable for the perpetuation
and protection of the natural environment than nature's own recycling prot.ess. Recycling human-made mate.
rials is an attempt to incorporate some of the balance. and efficiency of nature's way with waste' into our own
interactions with the environment. Because the recycling of human generated waste conserves energy and
natural resources and reduces environmental pollution. a recycling ethic should be as strong as the anti-
littering ethic has proven to be in Olio.

Sourer separation in Ohio has been conducted an a small voluntary scale ina much more is possible. One im-
portant means to motivate citizens to reeyele anti to implement recycling opportunities is to educate our young
about the values tif recycling and about careful waste management that is ry tip conserve resoarees and
protect the envirenunent.

What Educators Can 1)n
The youth of America can be taught about the threat to our eminent-net created by litter. improper waste dis-
posal and the faihne to reduce, reuse' and recycle. Through the use of appropriate learning activities, such as
those offered in this guide. elementary students should he' able to reason why they should not litter, why they
should recycle and why they should take a public interest in how waste is disposed of in their communities.
-Why?" is one of the first ane most persistent questions asked by young children. Instead of presenting an-
swers directly. the activities in this guidebook provide hands-on experiences as well as skill-building handouts
in a manner which allows each student to investigate and discover for himself or herself why he' Or she should
become a Super Saver

A Super Saver of nonrenewable' resources and energy.
A Super Saver of land.
A Super Saver of wildlife and of human health.
A Super Saver of an aesthetically pleasing environment.

The activities in dais guidebook provide' opportunities for st talents to investigate the' environmental impacts of
the generation of :arg-t. quantities of waste in our society and to investigate' solutions to the' waste crisis. The
activities cross disciplines to link subjeets of science. social studies alai language' arts, often including exer
cases related to arts and crafts, drama and music'. The activities have atlso been designed to improve life-long
learning skills that include' reading skills. writing skills. ninth skills and the ability to hypthesize, to conduct
experiments, to make. inferences anti deduct ions. to record data, to think and write' creatively and to collect in-
formation from refrrence source's. Ample opportunities are also made available' to improve social skills and to
build individual self confidence' thrall& the.' use' of skill building handouts and act iv ales that require. coal:era-
tion in groups. role playing, and artistic creation.

Super Surer inrestigutors is recommended as an instructional tool that can be used in meet many of the re-
quirements of tlw "Energy and Resource Conservation' mandate' of the Ohio Department of Education. The
Ohio Department of Education re'comnwnds that, in regard ta components, concepts and understandings in
Energy and Resource' Conserv:II ion Education. !he following hi' considered:

L That recognized environmental issues such as "disposal of hazardous waste.. chemical contamination of
food and water supplies. resource' &Wet ton. and ;lest het is degradation** he' a part of environmental velum
tion in the' classroom.

2. That the seven topical categories of "energy, [and anti fiber. popu hit ion. land use', goods and services, envi
ronmental quality, and re'sourc'e' use- be' discussed and tidied.

3. That the ideal way to learn about environmental issues is in an interdisciplinary curricular organization
involving "aesthetic, economic, ethical, governmental. mathematical, political, scientific, sociological.
and technological aspects- of complex issue's.

4. That consideration ht' given to the fact that in many schools departmentalization of elementary
and secondary education requires that "these environmental issues be integrated into the' disciplinary
curriculum.--

Super Sauer Ineestigotrirs is both comprehensive and flexible enough to meet these particular recommenda-
tions, offering teachers a wide' variety of act ivit ies to choose from that can lit' integrated into what is normally
taught.

-Etwrgy and Resiviirre ( 'mown awn. M min titli St:Intird I9N..J. 4 ill h.pari me,nt of Eiltic.it Ilm. p
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HOW TO USE THE GUIDEBOOK

The activities in Super Saver Investigators form an environmental studies curriculum integrating special con-
cepts and subjects in science and social studies with life-long learning skills. Two indexes are provided to help
teachers find activities that are compatible with what they normally teach during the schoolyear The Sci-
ence and Stria! Studies Index is a guide for finding activities that relate to specific concepts and skills in
elementary science and social studies. (Many of these activities contain language, math and/or fine arts exer-
cises.) The Learning Skills Index is a guide for finding activities that enhance particular life-long learning
skills. A Special Subject Index is provided identifying activities that relate to particular subjects of waste
management and to specific educational concerns such as activities appropriate for the gifted or for school fund
raising projects, etc. These three indexes are in Section B.

Background Information has been provided in seven of the fifteen Chapters of activities. The first two chap-
ters of backg- mind information and activities serve as an introduction to solid waste concerns: Chapter One
deals with science concepts and Chapter Two with social studies concepts. It is recommended that the back-
ground information of these first two chapters be read carefully and that a selection of activities from these
two chapters he u.ied before others to introduce students to solid waste problems. 'lb help teachers understand
the broad range of subjects associated with waste management, an outline of all the subjects addressed in the
seven chapters of background information is provided below. (The italicized, numbered items are important
terms and concepts which are helpful to know when conducting the activities. Additional terms and concepts
appear in the vocabulary of each activity and are' defined in the glossary.)



OUTLINE OF BACKGROUND INFORMATION
AND WASTE CONCEPTS INTRODUCED

CHAPTER It THE MATTER OF WASTE CHAPTER III: NATURE'S WAY WITH WASTE
A. What are we throwing away? A. Nat.i-::'s Recycling System

1. garbage
2. refuse
3. rubbish
4. trash
5. scrap
8. solid waste
7. refuse analysis
8. municipal solid waste

B. Reduce and Reuse

1. reduce
2. reuse

C. Recycling and Saving Resources

1. waste
2. useful
3, recycle
4. renewable resources
5. non-renewable resources

D. Understanding Waste and the Disposal of
Waste

1. decomposition
2. biodegradable
3. non biodegradable
4. weathering
5. oxidation
6. organic
7. inorganic
8. human-made
9. natural

E. Landfills and What Happens to Waste in Them

1. landfill
2. household hazardous waste
3. leach ate
4. methane

CHAPTER II: PEOPLE AND WASTE

A. Waste at Home, School and Work

B. Litter and Littering

1. litter

C. Litter and the Law

D. Keeping America Beautiful

A-4

1. decomposers
2. fungi
3. bacteria
4. humus
5. scavengers
6. dung

B. Composting as a Form of Recycling and Waste
Management

1. compost
2. anaerobic bacteria
3. aerobic bacteria
4. aerobic composting

C. The Requirements of Composting

D. Making Compost

E. When is compost ready?

F. Variables and Experimenting

G. The Value of Compost

CHAPTER 1V: TECHNOLOGY CHANGING
WASTE

A. Changing Properties of Waste Matter

1. physical properties
2. chemical properties
3. energy recovery
4. resource recovery
5. isoform recycling
6. hetemform recycling

B. Recycling Processes

1. separation
2. transformation
3. contaminants

C. Separation Techniques

1. source separation
2. manual separation
3. mechanical separation
4. ferrous metals
5. nonferrous metals

D. Transformation Processes

1. physical changes in the state of matter

E. Energy Recovery

1. refuse derived fuel



CHAPTER V: RECYCLING AND SAVING
RESOURCES

A. Recycling Materials for Manufacturing

1. primary materials
2. secondary materials

B. Saving Energy

1. fossil fuels

C. Saving Resources

1. nonrenewable resources

D. Saving the Environment

E. Saving Resources by Burning Waste

1. energy recovery systems

F. The Incineratir,n Controversy

1. dioxin
2. fly ash
3. bottom ash

CHAPTER VII: UNNATURAL HAZARDS IN
NATURE

1. accidents
2. biouccumulation

CHAPTER VIII: CHEMICALS AND WASTE
MATTER: SOURCES OF POLLUTION

A. Chemical Compounds and Hazardous Waste

1. elements
2. compounds
3. organic compounds
4. inorganic compounds
5. hazardous
6. acute toxicity
7. chronic toxicity
8. household hazardous waste
9. leachute

I
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B. Water and lbxic Waste

1. groundwater
2. aquifers
3. surface water
4. nutrients
5. eutrophication
6. toxic organics
7. toxic metals

C. Solid and Hazardous Waste Disposal: What can
be done to protect health and the
environment?

1. biological treatment
2. physical treat men,
3. chemical treatment

D. Hazardous Waste Disposal and Legislation

1. U.S. Environmental Protection Agency
(EPA)

2. Resource Conservation And Recovery Act
(RCRA)

3. Superfund
4. Clean Water Act

E. Household Hazardous Waste and What To Do
With It

F. EXAMPLES OF HOUSEHOLD HAZARDOUS
WASTE

G. A GUIDE TO SAFE DISPOSAL OF HOUSE-
HOLD HAZARDOUS WASTES



ACTIVITY DESCRIPTIONS

The layout of each activity description allows for ease in finding activities by chapter number, in using
handouts and in understanding how to conduct each activity.

of activity
RESOURCES IN THE LIFE
OF A NEWSPAPER

Action or message
illustration indicating
skill or theme which is
the focus of the activity

Indication of
appropriate grade levels

Content and learning
skills (in italic.,
described

General description of
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Reference to concepts in
Science and Social
Studies Index

Title of activity beside
chapter number (away
from spine for easy
reference)
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REFERENCE INDEXES

SCIENCE AND SOCIAL STUDIES INDEX p. B2

LEARNING SKILLS INDEX p. B-7

SPECIAL SUBJECT INDEX p. B-I1

In each index, activities are listed under various categories. For each activity, the chapter in which it may be
found is indicated in parentheses, and letters designate recommended grade levels. Only two grade level desig-
nations have been made:

"P" (primary) indicates activities appropriate for grades K 3

"I" (intermediate) indicates activities appropriate for grades 4-6

Most of the activities can either be modified by teachers or only partially used to be made appropriate for any
elementary grade level (hence the Pa indication in the case of many activities). At the end of the Special Sub-
ject Index is a listing of activities which are recommended for gifted intermediate age students or for students
it junior high classrooms.



SCIENCE AND SOCIAL STUDIES INDEX

For each lesson concept described below one or more activities are listed by chapter (in parentheses). The index
is based on the following numerical-decimal system:

Science
I. Physical Science concepts
2. = Earth Science concepts
3. = Natural Science concepts
4. = Human Health concepts

Social Studies
5. = Geography concepts
6. = Economics concepts

Human Behavior concepts
8. = History and Democracy concepts

SCIENCE CONCEPTS

1. PHYSICAL SCIENCE: MATTER AND CHANGES IN MATTER

1.1 Properties of matter Materials have special physical properties that can be detected by use of the
senses. These properties include color, shape, texture, weight and odor. The properties of materials
are important for specific uses.

Litter Dictionary Competition (1)
Magnets and Metaphors (4) P/I
Recycling Paper (4)

1.2 Changes in matter Change means that things become different over time. Changes can be produced
by people, by natural forces; some changes are slow, some are rapid. Changes in matter can be ob-
served and described.

Decomposition Conditions (1)
The Tiny Beastie's Feast (3)
lb Burn Or Not lb Burn (4)

1.3 States of matter Matter can change form to be one of three states: solid, liquid or gas. When matter
changes from one form to another, the total amount of matter remains unchanged. Temperature
changes have effects on matter; heat is important for turning a solid into a liquid or a gas.

Recycling Plastic (4)
To Burn Or Not To Burn (4)
The Shape Of Recycling (4)

1.4 Sorting and separating Objects can be sorted and separated based on physical and chemical proper-
ties. These properties include the abilities to float or sink in water, to bend or break under ressure,
to be attracted to magnets or not, to support combustion or not.

Catch 'Ern If You Can (4)
Magnets And Metaphors (4) P/I
Separation Mania (4)

1.5 Physical and chemical changes Changes in matter can be distinguished as either physical changes
or chemical changes, based on physical and chemical properties of matter. Physical properties re-
lated to physical changes include boiling and freezing points and the ability to bend or break under
pressure. Chemical properties related to chemical changes include the ability to rust or to burn.

Recycling Paper
Recycling Plastic
The Shape Of Recycling
lb Burn Or Not To Burn

B-2
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1.6 Machines Machines are devices that make work easier by changing the direction ofa force applied to
an object. Examples of simple machines are inclined planes, levers, pulleys, gears and wheels and
axles. Compound machines are machines made up of more than one simple machine.

The Great Can Crusher Contest (14)
Changing Matter In Analogous Ways (14)
Recycling Systems Make Sense (14)

1.7 Systems Systems are defined by the interaction of objects which create changes in matter. Systems
can be machines or living organisms. Systems are often described as cycles. Analogies can be made
based on descriptions of two or more cycles or systems.

Natural Recycling (3) P/I
The Great Can Crusher Contest (14)
Changing Matter In Analogous Ways (14)
Recycling Systems Make Sense (14)

2. EARTH SCIENCE: SOURCES OF ENERGY AND MATERIALS

2.1 Sources of energy Most of the energy we use is the energy of the sun stored in fuels. Fowil fuels ex-
tracted from the earth are used widely in industrial societies to provide energy. Coal, oil and gasare
nonrenewable sources of energy which can be saved by using alternative forms of energy.

Resources In The Life Of A Newspaper (5)

2.2 Sources of materials The earth supplies us with materials that we use to make products. Thesema-
terials can be ide, itified as made from either renewable resources or made from nonrenewable re-
sources. Consequences of the increasing use of nonrenewable resources can be predicted
hypothetically.

Useful Waste (1) P/I
Natural Resources And Waste Materials (1) P/I
The Original Source (5) P/I
How Much Do We Use? (5)
Resources In The Life Of A Newspaper (5) P/I
When They're Gone, They're Gone (5)
Resources Simulation (5) P/I
Industry Changing Waste (9)
Recycling Dramas (11)

2.3 Soil quality Good soil is a valuable resource. The contents and characteristics of good soil and poor
soil can be identified. Poor soil can be enriched. Good soil can become contaminated by pollution.

Compost Dwellers (3)
The Tiny Beastie's Feast (3)
Deadly Drink )7) I

2.4 Types of soil Different types of soil (clay, loam, sand) hold different amounts of water.
Compost Dwellers (3)

3. NATURAL SCIENCE: LIVING ORGANISMS AND ECOSYSTEMS

3.1 Ecosystem Organisms live and interact with each other in particular em . ronments. These environ-
ments can be defined as habitats or as ecosystems which provide the needs of plants and animals.
Ecosystems involve boundaries and relationships among plants and animals which can be described
through careful observation.

The Alien Litter (1)
What's Under Water? (7)



3.2 Food chain Living organisms need other living or non-living things for food. Living things can be af-
fected by polluted soil, water, or air. Contaminants can be passed along food chains concentrating in
ever greater quantities, sometimes ending with human consumption.

Deadly Drink (7)
Concentrated Chemicals (7)
Fishy Fish (15)

3.3 Decomposition Scavengers and decomposers return minerals to the soil and keep deadmatter from
accumulating in the environment. Decomposers include bacteria and fungi (molds, mushrooms,
yeast); scavengers include rats, snails, hyenas, sea gulls.

Decomposition Conditions (1)
Natural Recycling (3)
Compost Dwellers (3)
The Tiny Beastie's Feast (3)

3.4 Wildlife Animals move and acquire food in many ways. They fly, hop, swim, go slow or go fast to
travel or to catch food. Animals seek different forms of shelter for warmth, reproduction and protec-
tion from predators.

The Alien Litter (1)
How Did This Happen? (7)
Shabby Shelter (8) P/I

4. HUMAN HEALTH: POLLUTION AND THE ENVIRONMENT
4.1 Disease organisms and harmful chemicals Small animals and microorganisms are dependent on

an environment suited to their needs for food, water, temperature and shelter. To meet their needs
some organisms, which are harmful to human health, can enter the human body in many ways:
through breaks in skin or through contaminated water supplies. Harmful chemicals that have con-
taminated plants or animals can be ingested by humans creating health problems.

Shabby Shelter (8) P/I
Litter Really Hurt Me (8)
Fishy Fish (15)

4.2 Protecting health People can change the environment of disease organisms to protect human
health. Water can be purified through filtration and through the application of heat, cold, acids, salt
solutions and antiseptics that inhibit bacterial growth. lbxic wastescan be treated and disposed of
properly, techniques can be used to contain and dispose of waste materials so that they do not at-
tract organisms harmful to human health.

Is The Water Fit lb Drink? (8)
Hazards And Waste (8)
Industry Changing Waste (9)
Fishy Fish (15)

SOCIAL STUDIES CONCEPTS

5. GEOGRAPHY: PLACES PEOPLE LIVE, WORK AND PLAY

5.1 Community and Home People live in homes with different rooms. People live, work and play in di-
verse ways in different communities: urban, suburban, rural, ranch. Communities are maintained
by the interactions of people working in different occupations. People also interact for enjoyment
through participation in recreational activities.

It All Begins At Home (2)
Waste In The Workplace (2)
Map Out Litter (2) P/I
At The Source (2) P/I
Litter By Community (2)
Time 'lb Celebrate! But Wait! (2)
What's Under Water? (7)
Count Down 'lb Litter (10)
The Litter Alen; (11) P/1
It Has lb Be Dealt With (15)
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5.2 Geographical regions The United States is made up of geographically diverse regions that include
plains, deserts, seacoasts, plateaus, highlands, etc.

This Littered Land Is Your Land (6) P/I

5.3 Aesthetic appreciation Natural and built environments have beauty that can be appreciated. They
provide for aesthetic needs of people. People have feelings rbout specific features of natural and
built environments.

Map Out Litter (2) P/I
This Littered Land Is Your Land (6) P/I
Waste And Words (6)
The Litter Poet (6)

5.4 World Geography The United States shares similar problems with other countries of the Earth.
Pollution Around The World (8)

5.5 Solar system The Earth is part of a solar system.
Waste In Space (6)

6. ECONOMICS: MAKING CHOICES ABOUT THE USE OF RESOURCES

6.1 Choices and resources Individuals, families, communities and nations must make choices about us-
ing resources to satisfy needs and wants and to protect the future supply of resources. People spend
money to get things they need or want. Consumer decisions are an important part of a free enter-
prise economy.

Useful Waste (1) P/I
lb Buy Or Not Tb Buy (9) P/I
You Have A Voice (15)

6.2 Starting a business Business enterprises provide goods and/or services to a community. Young stu-
dents have skills and resources to contribute to an enterprise: either profit or nonprofit in nature.
Students can identify their own resources (wagon, bike, personal skills) and skills which can be used
to provide goods and services for others. Aside from personal resources, there are many other re-
quirements for starting a business.

Recycleville,USA (12)
Ecology Cash (13)
Our School Recycles (13)

6.3 Exchanging goods and services Money is a medium of exchange that facilitates the distribution of
goods and services. However, money is not always required to acquire or provide goods and services;
sometimes old items can be traded or reused to create something artistic or useful or both. Based
supply and demand (needs or wants) objects have different values. These values can be expressed
monetarily or by bartering one thing for another.

Trading Resources (5) P/1
Trash' o Treasure Sale (12) P/I
Recycleville,USA (12) P/I
Dollars And Pounds (13)

6.4 Careers Human resources used in the production of goods and services are shared through a divi-
sion of labor. Career preparation is based f;x1 desire, education and occupations and opportunities
available.

Careers In Waste Management (13)

6.5 World resources People and nations are interdependent because they share the Earth's resources.
Natural resources exist in varying amounts in different countries. Different countries produce and
sell different resource materials and products to each other. Hypothetical predictions can be made
as to wha will happen as more and more nonrenewable resources are used to meet the world's eco-
nomic needs.

Resources Simulation (5) P/I
When They're Gone, They're Gone (5)
Resources And Conflicts (5) P/I



7. HUMAN BEHAVIOR: SOCIAL LIFE AND LEARNING

7.1 Groups and behavior People learn behaviors from the groups with which they interact. Family
members, friends and peer groups influence how people behave. People have certain roles and sta.
tus positions within groups. Different groups and individuals have different values.

Invasion Of The Pollutians (10)
You Have Influence (10) 1

You Have A Voice (15)

7.2 Norms, rules and laws Members of groups are governed by norms, rules and laws. Norms ore ex-
pected ways of behaving that can be expressed in rules or formalized into laws. Rules are based on
particular situations at home, at school and in social organizations.

Ruling Out Litter (15) P/I

7.3 Learning and habit formation The ability to learn enables people to modify their behavior and
their environment. Habits can be learned or changed through conditioning (behavior modification)
and insight. People learn things from a variety of sources, including teachers, museums, books, par-
ents, other students, the media and reference books.

How Much Do We Use? (5)
Count Down Tb Litter (10)
Survey Your Habits (10)
Meritorious Behavior (10) P/I
The Litter Alert (11) P/I
Puppet Dramas (11)
Recycling Dramas (11)

7.4 Symbols and signs Symbols and signs in the environment evoke physical and psychological re-
sponses from people. Symbols and signs serve specific purposes and have special meanings.

Signs And Slogans (11) P/I

8. HISTORY AND DEMOCRACY: CHANGE AND PLANNING FOR THE FUTURE

8.1 American history American society has undergone many changes and continues to change. Specific
changes have taken place in American life in the past 50 years which enable us tocompare and con-
trast present lifestyles with those of previous generations. Changes have created new problems.

Waste In Space (6)
The Wrap Up (9)
To Buy Or Not To Buy (9) P/I
Industry Changing Waste (9)
Trash In History (9)

8.2 Local democracy Communities can plan to meet their needs in a democratic way. Local govern-
ments and town councils provide means for citizens to make decisions in their communities. The
roles and fund ions of citizens us community members can be identified. There are consequences to
be suffered if a community does not take care of its resources. Some community actions may not
aerve the public interest.

The Litter Alert (11) P/I
It Has lb Be Dealt With (15) P/I
You Have A Voice (15)
Fishy Fish (15)
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LEARNING SKILLS INDEX

THINKiNG SKILLS

CLASSIFY
Useful Waste
Natural Resources & Waste

Materials
Waste In The Workplace
It All Begins At. Home
Catch 'Em If You Can
Magnets & Metaphors
Separation Mania
The Original Source
Hazards And Waste
lb Buy Or Not To Buy
The Wrap Up
Meritorious Behavior
Trash lb Treasure Sale
Ruling Out Litter

RANK ORDER
Useful Waste
Decomposition Conditions
Fishy Fish

PROCESS ORDER
Natural Recycling
Resources In The Life

Of A Newspaper
Our School Recycles
Recycling Systems Make Sense

(1) P/I

(1)
(2)
(2)
(4)
(4)
(4)
(5)
(8)
(9)
(9)
(10;
(12)
(15)

P/I
1

P
P

P/I
I

P/I
I

P/I
P

P/I
P/I
P/I

P/1
I

(3) P/1

MAKE CAREFUL OBSERVATIONS
Decomposition Conditions (1)
The Alien Litter
Magnets & Metaphors
To Burn Or Not 'lb Burn
Is The Water Fit To Drink?
You Have Influence

(1)
(4)
(4)
(8)

(10)

P/i
13/1

I

I
I

P/1
1

I

I

INTERPRET SYMBOLS ON A MAP AND FIND
LOCATIONS

Map Out Litter (2) P/I
Fishy Fish (15) I

INTERPRET ILLUSTRATIONS
Map Out Litter (2) P
At The Source (2) P/1
Natural Recycling (3) P/I
Hazards And Waste (8)
lb Buy Or Not lb Buy (9) P/I
Changing Matter In

Analogous Ways (14) I
Recycling Systems Make Sense (14) I

WEBBING CONCEPTS
Natural Recycling (3) P/1
How Much Do We Use? (5) I

B-7

MAKE COMPARISONS AND ANALOGIES
The Alien Litter (1) I
Natural Recycling
The Shape of Recycling
Resources Simulation
When They're Gone,

They're Gone
Resources And Conflicts
The Wrap Up
Changing Matter

In Analogous Ways

(3) P/I
(4) I
(5) P/I

(5) I
(5) P/i
(9) P

(14)

MAKE INFERENCES AND DEDUCTIONS
BASED ON REASONING

Decomposition Conditions (1) I
It All Begins At Home (2) P
Waste In The Workplace (2) I
At The Source (2) P/I
Litter By Community (2) I
Time To Celebrate! But Wait! (2) I
Compost Dwellers (3) I
Separation Mania (4) I
Resources In The Life

Of A Newspaper (5) P/I
When They're Gone,

They're Gone (5) I
Resources And Conflicts (5) P/I
How Did This Happen? (7) P
Concentrated Chemicals (7)
Pollution Around The Work! (8) I
Hazards And Waste (8) I
Count Down 'lb Litter (10) P
Careers In Waste Management (13) I
Changing Matter In

Analogous Ways (14) I
Recycling Systems Make Sense (14)
Fishy Fish (15) I

PROBLEM SOLVING AND
DECISION MAKING SKILLS

RESEARCH USING SOURCES OF INFORMA-
TION

The Original Source (5) P/1
Shabby Shelter (8) P/I
Industry Changing Waste (9)
Changing Matter In

Analogous Ways (14) I

CONDUCT A SURVEY
Litter Really Hurt Me (8) I
Trash In History (9) I
Survey Your Habits (10) I

.A.



COLL/Cell AND ORGANIZE DATA
Waste In The Workplace (2) I
flow Much Do We Use? (5) I

IDENTIFY OR HYPOTHESIZE CAUSE AND
EFFECT

Deadly Drink (7) I
Fishy Fish (15) I

ANALYZE CONSEQUENCES AND SUGGEST
ALTERNATIVES

When They're Gone,
They're Gone (5) I

Waste In Space (6) I
lb Buy Or Not '11) Buy (9) P/I
Trash lb Treasure Sale (12) P/I
You Have A Voice (15) I

CONDUCT EXPERIMENTS TO TEST HY-
POTHESES OR TO TEST VARIABLES USING
TEST SAMPLES AND CONTROL SAMPLES

Decomposition Conditions
The Tiny Beastie's Feast
lb Burn Or Not To Burn

(demonstration)
Deadly Drink

(1)
(3)
(4)

I
I

I

(7) I

PROPOSE SOLUTIONS TO SCIENTIFIC
PROBLEMS

Separation Mania (4) I
The Great Can Crusher Contest (14) I
It Has lb Be Dealt With (15) P/I
Fishy Fish (15) I

PROPOSE SOLUTIONS TO PROBLEMS IN-
VOLVING BEHAVIORS

Time To Celebrate! But Wait! (2) I
Resources And Conflicts (5) 11/1

What's Under Water? (7) P
Invasion Of The Pollutians (10) P
Survey Your Habits (10) I
You Have Influence (10) I
Meritorious Behavior (10)
The Litter Alert (11) P/I
Ruling Out Litter (15) P/I
It Has 'lb Be Dealt With (15) P/I
Fishy Fish (15) I

PSYCHOMOTOR SKILLS

MANIPULATE MATERIALS TO CONSTRUCT
PROJECTS

Natural Resources And Waste
Materials (1) Pa

It All Begins At Home (2) P
Trading Resources (5) P/I
The Litter Alert (11) P/I
Puppet Dramas (11) I
Recycling Dramas (11) I
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Recycleville, USA (12) P/I
The Great Can Crusher Contest (14)
It Has To Be Dealt With (15) P/I

MANIPULATE EQUIPMENT AND MATERI-
ALS FOR EXPERIMENTS AND DEMONSTRA-
TIONS

Decomposition Conditions (1)
The Tiny Beastie's Feast (3) I

Separation Mania (4) I
Recycling Paper (4) 1

Recycling Plastic (4) I
The Shape Of Recycling (4) I
Is The Water Fit lb Drink? (8) !

COMMUNICATION SKILLS

FOLLOW ORAL DIRECTIONS
It All Begins At Home
Map Out Litter

LISTENING CAREFULLY
Natural Recycling
Resources In The Life

Of A Newspaper

EXPOSITORY WRITING
Time To Celebrate! But Wait!
lb Burn Or Not lb Burn
The Shape Of Recycling
Resources And Conflicts
Waste And Words
Concentrated Chemicals
Shabby Shelter
Hazards And Waste
Survey Your Habits
You Have Influence
Recycling Systems Make Sense
Fishy Fish

CREATIVE WRITING
Magnets And Metaphors
Waste And Words
This Littered Land

Is Your Land (lyrics)
The Litter Poet (poetry)
Waste In Space
What's Under Water?
Shabby Shelter (script)
Pollution Around The World

(news report)
To Buy Or Not lb Buy

(commercial)
Trash In History (essay)
You Have Influence
The Litter Alert (news broadcast)
Signs And Slogans (slogans)
Recycling Dramas (script)
You Have A Voice

(2) P
(2) P/I

(3) P/I

(5) P/I

(2)
(4) I
(4) I
(5) P/I
(6) I
(7) I
(8) P/I
(8)
(10) I
(10)
(14)
(15) I

(4) P/I
(6) I

(6) P/I
(6) I
(6) I
(7) P
(8) WI

(8) I

(9) P/I
(9) I

(10) I
(11) P/I
(11) P/I
(11) Y.

(15) I



CREATIVE DRAWING
Waste In Space
What's Under Water?
Shabby Shelter
The Wrap Up
Signs And Slogans

(6)
(7)
(8)
(9)

(11)

.MATHEMATICAL SKILLS

COMPUTE FIGURES
How Much Do We Use? (5)
Litter Really Hurt Me (8)
Recycleville, USA (12)
Ecology Cash (13)
Dollars And Pounds (13)

ESTIMATE QUANTITIES
it All Begins At. Home (2)
Waste In The Workplace (2)

GRAPH DATA
Litter Really Hurt Me (8)
Count Down 'lb Litter (10)
Survey Your Habits (10)

READING SKILLS

INCREASING VOCABULARY AND
DICTIONARIES

At The Source (2)
Compost Dwellers (3)
Recycling Plastic t4)
This Littered Land Is Your Land (6)
Hazards And Waste (8)
Recycling Dramas (11)
Dollars And Pounds (13)

I
P

P/I
P

P3

I
I

Pt'
I

I

P
I

I
P

USING

P/I
I
I

P/1
I
I
I

COMPREHENSION OF READING PASSAGES
The Alien Litter (1) 1

Magnets And Metaphors (4) P3

How Much Do We Use? (5)
Waste In Space (6)
Deadly Drink (7)

FOLLOW WRITTEN DIRECTIONS
Recycling Paper (4)
Recycleville, USA (12)
The Great Can Crusher Contest (14)

INTERPERSONAL RELATIONS SKILLS

WORK COOPERATIVELY WITH OTHERS
Litter Dictionary Competition
Decomposition Conditions
Trading Resources
Litter Really Hurt Me
Puppet Dramas
Recycling Dramas
Trash To Treasure Sale
Recycleville, USA
Our School Recycles
The Great Can Crusher Contest
Ruling Out Litter
You Have A Voice
Fishy Fish

I

I

I
I
I

DEVELOPING GROUP DISCUSSION
Useful Waste
Litter Dictionary Competition
Waste In The Workplace
Pollution Around The World

IMPROVING LEADERSHIP SKILLS
You Have Influence (10)
Meritorious Behavior (10)
You Have A Voice (15)

I
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SPECIAL SUBJECT INDEX

CONSERVATION - of energy & resources
Resources In The Life Of A Newspaper
When They're Gone, They're Gone
Resources And Conflicts
Survey Your Habits
Meritorious Behavior
Recycling Dramas

CONTAINMENT
Map Out Litter
What's Under Water?
Count Down To Litter

COMPOST
Compost Dwellers

COMPOST - making compost
Background Information
The Tiny Beastie's Feast

DECOMPOSITION RATES - of materials
Decomposition Conditions

GLOBAL EDUCATION
When They re Gone, They're Gone
Pollution Around The World

(2)
(7)

(10)

(3)

(3)
(3)

(1)

(5)
(8)

HAZARDOUS WASTE - household hazardous
waste

Hazards And Waste

HAZARDOUS WASTE - community and
industrial sources

Industry Changing Waste
Fishy Fish

HAZARDOUS WASTE (including human
health)

See "Wildlife" and "Pollution"

LITTER - laws
Ruling Out Litter

LITTER - clean-ups
At The Source
Time 'lb Celebrate! But Wait!
See "Containment"

LITTER - sources
Litter By Community
At The Source
Time Celebrate! But Wait!

LITTER - affect on wildlife
See "Wildlife"

LITTER - affect on human health
Shabby Shelter
Litter Really Hurt Me

(8)

(9)
tI )

LITTER - prevention
Invasion of the Pollutions
Survey Your Hahits
You Have Influence

OUTDOOR ACTIVITIES
The Alien Litter
Map Out Litter
At The Source
Natural Recycling
The Tiny Beast iv's Feast
Waste And Words
The Litter Poet
Count Doxn To Litter

POLLUTION
Pollution Around The World

POLLUTION - air
To Burn Or Not 111 Burn

POLLUTION - water
Deadly Drink
Is The Water Fit To Drink?
Hazards And Waste
Fishy Fish

PRE-POST TEST HANDOUT - litter laws
Ruling Out Litter

PRE-POST TEST HANDOUTS - recycling &
saving resources

When They're Gone, They're Gone (5)
Recycling Dramas (11)

PUBLICITY - for clean-up
The Litter Poet
This Littered Land is Ynur Land
The Litter Alert.
Signs And Slogans

(15) Puppet Dramas

PUBLICITY - for recycling drive
The Litter Poet (6)
Recycling Dramas ( 1 )

Our School Recycles 113)
The Great Can Crusher Contest (14)

(10)
1101
(10)

(8)

14)

47)

(8)
(8)

OS'

(15)

(2)
(2)

(2)
(2)
(2)

(8)
(8)
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PUBLICITY - music
This Littered Land is Your Land

PUBLICITY - drama
Recycling Dramas
Puppet Dramas

(81



RECYCLING - identifying recyclables
(& manual separation)

Maul Waste
Litter Dictionary Competition
Waste In The Workplace
Catch 'Ent If You Can
Magnets And Metaphors

RECYCLING school recycling drive
Our School Recycles

RECYCLING - money to be made
Ecology Cash
Dollars And Pounds

(13)

(13)
(13)

RECYCLING - recycling processes & machines
Recycling Paper (4)
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GLOSSARY
SSI VOCABULARY

accident: an unintended event. usually unfortunate. resulting from carelessness or lick of awareness; can re-
sult from litter or the improper disposal of solid waste.

advertise: to attract attention to a product or service to promote sales.

aerobic: living only in Ow presence of oxygen; e.g. aerobic bacteria.

agriculture: cultivation of the soil to produce crops.

eir pollution: contamination of the air in the environment with gasesor prticles of matter that can be harm-
ful to living organisms.

alliteration: the use of similar consonant sounds in two or more' neighboring words or syllables (e.g. "wild and
woolly" and "threatening throngs").

alloy: a substance that is a mixture of two or more metals or of a metal and something else.

alphabet: the letters of a language arranged in a traditional order; in English, consisting of the letters as -7.;

also known as "The A, B, Cs."

aluminum: a hard light metallic element found in the ore bauxite; aluminum is capable of being shaped or
rolled very thin and is non-magnetic.

anaerob!c: living in the absence of free oxygen; e.g. anaerobic bacteria.

analogy: a likeness in function, interactions or particulars between things otherwise unlike.

animal matter any material or substance of an organism that is distinguished from a plant.

aquifer an underground rock formation that contains significant amounts of groundwater and may supply
water to wells and springs.

auction: a sale of goods, often used items, sold to the highest bidder.

awareness: possession of information that can lead to action.

bacteria: single celled microorganisms: tbund in many shapes and forms.

behavior: the manner in which a person acts in specific situations.

bimetal: composed of two different metals that are not fused together into, an alloy.

biodegradable: capable of being broken down (decomposed) into basic elements by biological processes.

brand name: a trademark word or words used to identify a good as the product of a single firm or
manufacturer.

calculate: to solve or find an answer using mathematical computations.

capital: machines and buildings used to make a product: money used by a business enabling it to make andior
sell a product.

career: a type of work or occupation related to particular tasks that often require training and education.

carnivore: an animal that eats other animals.

cause: people Or things responsible for an action or result of an action.

cellulose: a chemical compound that is the chief part of plant tissues and fibers, used in the manufacture of
paper and textiles.

change: the act or process of transformation; to become different over time.

chemical effect: something that happens caused by chemicals and chemical changes in matter.

classify: to assign to a category or to arrange according to a system.

clay: soil that is composed of fine particles which make it nonporous and pliable.

cleanup: an act of picking up waste and litter from one's surroundings; an act to beautify.
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cloth: a pliable material made from natural (cellulose) or synthetic fibers and filaments,

collage: an artistic composition made of various materials or bits of objects glued on a picture surface.

collection: part of waste management in which trash and garbage are picked up and hauled away to be dis-
posed of or recycled.

combustible: capable of being ignited or burned.

community: people living in a particular area that has distinctive geographical features and distinctive ways
that people make a living.

community council: a group of people that meets to discuss important issues related to initiating policies for
the good of the community.

compaction: compression of materials into a smaller space than they existed in originally.

compost: a mixture of mostly decayed organic matter that is used to restore nutrients and texture to soil.

compostable: having the ability to be broken down by microorganisms into compost; characteristic of much
organic waste and some mineral waste.

conservation: protection of a natural resource to prevent it from being destroyed or used unnecessarily.

container: something that encloses and holds something else; waste materials are stored in waste containers
before they are finally disposed of or recycled.

containment: the state of waste placed in containers so it can be collected for disposal or recycling; proper c-m-
tainment practices prevent litter.

contaminate: to make something unfit for use by contact or mixture with something else.

control sample: part of an experiment used to check the results of variables that are introduced.

country: the territory of a nation or state where people have particular ways of living and working.

data: facts and information used to discuss issues and to make calculations.

decomposer a tiny organism that feeds on organic waste materials, breaking them down intoconstituent el-
ements or compounds.

degrade: to harm something, such as the environment.

demand: how much something is wanted, especially .n regard to purchasing goods or services.

design: to make a plan for a specific purpose.

desirable: having an effect that is beneficial to something, such as the environment.

disposal: the process of getting rid of waste; can be properly or improperly done. dependi ig upon the conse
quences for the environment and public health.

distribution (of natural resources): the frequency of occurrence of resources on earth and the amount of re-
sources consumed by different countries.

drama: a composition in prose or verse intended to portray behaviors and/or to tell a story.

dump: an open land site where garbage and trash are deposited; usually unsightly and possibly harmful in
nature; often referred to as open dump, distinguished from a landfill.

dung: animal excrement or manure.

element: one of the 106 known substances of which all matter is composed. It cannot be divided into a different
substance by ordinary chemical means.

energy: ability to perform work or produce a change.

environment: the circumstances or conditions that surround living organisms including people; includes ev
erything around us people, weather, animals, plants, soil. water, buildings.

evaluate: to determine the significance or worth of something by careful appraisal and study.

r
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evidence: something (data) that furnishes grounds for adopting an opinion; is often gathered by careful obser-
vation and the keeping of records.

experiment: an activity undertaken to test a hypothesis or to demonstrate an accepted hypothesis.

export: to send something to another country or place firr trade or Kale.

extraction: the process of taking a resource from the earth and/or removing or separating (metal) from ore.

ferrous metal: metal containing iron; is magnetic whic'-. facilitates the separation of recyclable materials
made from iron.

filter: a device for separating impurities from a liquid or gas as in the cases of polluted water and smoke in the

float: to remain suspended within or on the surface of a liquid without sinking.

food chain: organisms in a community that constitute a feeding chain in which food energy is transferred
from one organism to another as each consumes a lower member and in turn is eaten by a higher member.

force: an agent or device that exerts energy causing an object at rest to move and/or changing the physical
properties of the object.

formal sanction: a penalty that gives binding force to a law, often in the form of fines or jail sentences.

fuel: a material such as coal, oil, gas or wood which is burned to supply heat or power.

fungus: tiny plants showing no clear distinction of roots, stem or leaves, such as molds, mildews and mush-
rooms; can not make their own food as other plants do and therefore feed upon living or dead organisms.

garbage: organic food waste that is thrown away and decomposes easily.

generic name: a MAIM applied to a whole kind or group of products having similar characteristics, which is
not a trade name or trademark.

glass: a hard, brittle substance usually transparent or translucent made from minerals including sand silica
(quartz and opal silica) which are fused with soda ash and lime.

goods: different types of products that can he bought or sold.

graph: a diagram composed of lines, curves, bars, etc.; used to summarize data.

habit: the tendency to repeat a certain pattern of behavior without forethought or deliberation.

habitat: the place where a plant or animal lives and grows.

harmful: causing or capable of causing physical or mental damage to living organisms.

hazardous: dangerous or perilous (see "hazardous waste".

hazardous waste: waste that provides special problems to living creatures or the environment because it pos-
sesses one or more of the following characteristics: poisonous, explosive, capable of dissolving flesh or metal,
readily burnable with or without a flame, carries disease, is radioactive.

health: the overall condition of an organism, connoting physical and mental well-being and freedom from
disease.

herbivore: a plant-eating animal

human-made: consisting of materials manufactured by people.

humus: the organic part of soil, resulting from the partial decay of plant or animal matter.

hypothesis: a theory or supposition that is tentatively taken to be true; provides a basis for explaining certain
facts; is investigated by conducting experiments.

ignitable: able to catch on fire or burn.

import: to trade with or buy goods from a foreign country or outside source.

improper waste disposal: any method of disposing of waste which causes aesthetic and/or environmental
degradation, often posing a threat to the health of living organism 1.
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improve: to make better by changing one's behavior.

incineration: burning solid waste to reduce the volume; used in energy recovery processes to produce hot air
or water, steam or electricity.

industrialization: the process whereby more labor is concentrated in industry as opposed to farming, which
leads to greater consumption of natural resources to produce industrial goods.

industry: any large scale manufacturing or business activity involving the production of goods and/or
services.

inference: drawing a conclusion based on evidence.

informal sanction: a penalty that acts to ensure compliance or conformity to rule, law or custom based on
social pressure as opposed to fines and jail sentences; examples include ostracization and ridicule.

inorwinic: composed of matter other than that of plants or animals; most inorganic matter does not contain
carbon, does not biodegrade and is derived from mineral sources.

interdependent: mutually reliant in living and working.

investigation: careful observation or search for information, done to gather evidence.

lake; an inland body of fresh or salt water.

landfill: often referred to as "sanitary landfill ;" a place wht re refuse is buried, compacted and covered with
soil. Sanitary landfills are often distinguished from dumps (or open dumps) and from secure landfills (land-
fills for hazardous waster).

law: rules of conduct that are established in a democracy by citizens and their legislative representatives;
sometimes given formal unctions.

leachate: a liquid substance, often hazardous to nature, that forms in landfills as the result of rain or ground
water percolating through waste matter; can be a threat to the ivality of ground water used by households.

limerick; a light humorous or nonsensical verse of five lines usually with the rhyme scheme "aabba."

litter: human generated solid waste that is put in the wrong place or allowed to escape from a container.

location: a particular identifiable place; can be an area within a country or designated by national
boundaries.

logo: a distinctive symbol identifying a particular thing, place or activity.

lyric: a poem or prose expressing emotions and thoughts, which is for singing in a light, flexible manner.

magnet: metal or stone that attracts iron and certain other materials through a force produced by the motion
of atomic electrons and the alignment of atoms.

magnetic: having the properties of a magnet.

manufacturing: the process of making raw material into finished products, usually with the aid of machines.

map; a representation of an area of a community, state or larger regiOn.

market: a gathering of people for buying and selling things; trade in a specific item or commodity such as alu-
minum or gold.

matter: what all things are made of; whatever occupies space and can be sensed or perceived by the senses.

measure: to find a distance or a dimension by using a device with designated marking in inches, centimeters,
etc.

metals: elements such as iron, gold, aluminum which are obtained from ores in the earth; are malleable, due.
tile, shiny and good conductors of heat and electricity; alloys of these elements such as brass, bronze, etc.

metaphor: a figure of speech containing an implied comparison or analogy in which a term is transferred from
the object it ordinarily designates to another object it may designate in order to help understand something,

mold: a hollow form designed to give a specific shape to something in a plastic or molten state.
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narrator one who tells a story or gives an account of something.

natural: present in or produced by nature; anything in our world not produced by humans.

natural resource: a material source of wealth, such as timber, fresh water, wildlife or a mineral deposit that
occurs in nature.

necessary: needed to achieve a certain result or effect such as preserving food or protecting a product; based
on our values as to what is essential.

need: a lack of something useful, required or desired.

news broadcast: a presentation of information on television or radio about recent happenings.

non-biodegradable: not capable of being broken down by biological processes.

noncombustible: not capable of being ignited or burned.

non-compostable: not appropriate for or not capable of producing compost; generally includes items which
will not biodegrade.

nonferrous metal: metal not composed of nor containing iron, such as aluminum, copper and brass.

non-magnetic: not capable of being attracted by a magnet or magnetic field.

nonporous: a substance that will not allow fluids (or air) to pass through.

nonrenewable resource: a natural resource that cannot be renewed or regenerated except over very long pe-
riods of time.

norm: a standard of conduct regarded as typical for a specific group.

now: at the present time.

nutrient: a nourishing ingredient used in the growth and development of living organisms.

occupation: the trade, profession or business that enables a person to make a living; requires a certain type of
education.

ocean: the entire body of salt water that covers about 72 percent of the Earth's surface; distinguished from
freshwater lakes and rivers.

open dump: see -dump?'

orbit: the path of a celestial body or human-made satellite as it revolves around another body.

organic: derived from living organisms or containing carbon compounds.

organic chemistry: the branch of chemistry dealing with materials and sitbAances that contain or are made
from carbon compounds.

overhead: the general costs of running a business, including rent., labor, materials and machines, mainte-
nance and utilities.

packaging: covering, wrapper or container, often designed to attract purchasers as well as to protect, a
product.

paper: a thin sheet of material made of cellulose pulp, derived mainly from wood, rags, and certain grasses;
used chiefly for writing, printing, drawing, packaging and covering walls.

paper pulp: a mixture of cellulose material such as wood, paper and rags ground up and moistened to make
paper.

percentage: a part or amount in every hundred.

permeability: the ability to allow something, in particular a liquid, to pass through.

personal environment: all the objects, people, plants, animals and conditions in the surroundings of a
person.

petroleum: a natural, thick, oily, flammable, dark liquid mixture found beneath the Earth's surface; used to
make such products as natural gas, gasoline, lubricating oils, plastics, etc.
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physical change: an alteration or transformation of the physical properties of a substance or material.
physical property; trait of a material or substance that when changed does not change its molecular struc-

ture, such as changes related to size or state of matter (solid, liquid or gas).

plastic: made from organic compounds such as petroleum that can be molded, cast, drawn, or laminated into
objects.

pollution: the contamination of soil, water or air by the discharge or improper disposal of harmful substances.

porous: full of pores through which fluids (or air or light) may pass.

possible: capable of happening.

prefix: a word or syllable put before a word car stem to alter its meaning or create a new word.
price: the amount of money asked or paid for something.

process: a particular method of doing something, often in a logical sequential order
processed materials: raw materials that have been extracted and refined in preparation for use in

manufacturing.

production: the process of making or manufacturing a product for sale or trade.
profit: the money remaining after overhead costs have been subtracted from the money earned by sale of the

product or service.

property (physical and chemical): the traits or characteristics of a substance determined by the senses or by
the effect of another substance upon it.

public service message: an oral or written communication about a problem or action which can be taken.
purify: to rid something of impurities, to cleanse; particularly the filtering of water and air.
quality: any of the features that make something what it is and what it can be used for
reconstruct: to construct again or make an object from usable parts.

recyclable: the ability to be used again to be made into a new or similar product.

recycle/recycling: to collect and process waste materials for use in manufacturing new products.
recycling center: a place where recyclables are collected, sorted and prepared for shipment to manufacturers.
recycling drive: an effort by a group of people or an institution to collect recyclables.

recycling plant: an industrial facility that uses recycled materials to make new products.
refuse: anything thlown away or rejected because it is convenient to do so or because it is thought to be use-

less; garbage and trash.

region: a large, usually continuous area characterized by particular plant and animal life and climate and
topography.

renewable: capable of being replenished by a new supply or continual growth and development.
renewable resource: natural resources which can he renewed or regenerated by natural ecological cycles or

sound management practices, e.g. trees and water.

resource: something that can be used to make something else.

reuse: to use again; to extend the life of an item by repairing it or by creating new uses for it.
reusable: capable of being used again either as is or by creating new uses.

reward: something offered in return for a particular service or behavior; can be used to motivate rople.,
rhyme: a poem or verse containing repetitions of sounds, especially at the ends of lines.
river: a large natural body of water that runs or empties into an ocean, lake, or other body of water.
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rule: a regulation that has been made and accepted as a way of controlling behavior so that groups of people
can get along or do certain things together.

rural: pertaining to the country, as opposed to the city.

sale: an exchange of goods by trading, using money or auctioning off items to the highest bidder.

sample: a part of something that represents or has the characteristics of the rest of the substance it was taken
from.

sanction: a penalty for breaking the law that compels people to obey the law.

sanitation: the practice of keeping the environment clean and organisms healthy by the proper disposal of
waste or the purification of water and air.

scale model: something that represents in a smaller size something else with all parts of the representation
proportional to the original item.

scarce: not plentiful nor enough to meet demand.

scarce resources: natural resources of which there is a limited quantity compared with demand.

scavenger: any animal larger than a microorganism that eats decaying organic matter or refuse.

sequence: the order in which something occurs in a causally related series.

services: one type of offering a business may provide that involves doing something for people or providing
something to people; contrasted with goods.

sewage treatment plant: a facility where liquid and solid wastes are treated and processed so that what re-
mains may be returned to the environment safely.

shelter: something that provides cover and protection.

shred: to cut or tear into pieces or strips.

sign: something that presents information and/or pictures about a fact, public concern, quality of an item,
method of solving a problem, etc.

simple machine: any of a variety of devices which make work easier such as a wedge, screw, lever, gear, in-
clined plane, pulley or wheel and axle; distinguished from compound machines such as a bicycle which in-
cludes two or more simple machines working together.

simulation: an activity designed to duplicate in a simpler way the actual activities and processes of a real life
situation.

sink: to fall to the bottom.

slogan: a phrase expressing the aims or nature of an enterprise or organization; motto.

soil: the surface material on earth which includes clay, sand and loam or top soil, the latter of which is best for
supporting plant growth.

solar system: the sun together with the planets and all other bodies that orbit the sun.

solid waste: regularly collected waste from households, institutions and commercial establishments.

solid waste management: planning and using various methods to dispose of solid waste, to reduce the quan-
tity of waste, to recycle materials and/or to use waste material to produce energy or fuel. Also includes col-
lecting and transporting waste.

sort: to separate objects from other objects based on special properties such as size, shape, color, etc.

Rotting technique: a particular way to serarate objects according to class, kind or size; often done with de-
vices or machines.

source: point of origin; the natural resource from which raw materials come or from which they must be ex-
tracted and refined; typically includes plants and ores.

special event: an important happening that takes place on a particular date for a particular purpose.



steel: a hard, strong durable alloy made from iron and carbon; can be attracted by a magnetic force.

suburban: pertaining to a residential district on or near the outskirts of a city and often a separately incorpo-
rated city or town.

suffix: a word or syllable put at the end of a word or stem to alter its meaning or create a new word.

survey: a method of gathering information about attitudes, behaviors, historical events, etc. by using inter-
views and/or questionnaires.

symbol: something that stands for or represents something in real life; used to designate real objects on a
map.

synonym: a word having the same or similar meaning to that of another word.

synthetic: produced by human means through chemical synthesis rather than of natural origin.
system: an arrangement of parts that interact to perform a specific function or functions.

task: a particular type of labor or undertaking assigned to a person which may be difficult and require special
knowledge and skills.

technique: a method or manner of accomplishing something-, used to motivate people to do something, e.g. be-
havioral technique.

then: at some time in the past.

tin: a silvery metallic element obtained chidly from the ore cassiterite. It is used to coat other metals in prod-
ucts such as containers for food to prevent corrosion.

tinned steel: steel that is coated with tin.

town council: a group of people that represent citizens of a city or town assembled to make decisions or rules
in the form of local ordinances.

trash: broken, discarded or worthless things, rubbish and other forms of refuse which are not food waste.
undesirable: objectionable, not pleasing or attractive, could be capable of harming living organisms.
unique: being the only one of its kind.

unnecessary: not needed to achieve a certain result.

urban: having to do with cities.

useful: having practical value.

variable: in an experiment, the factor which is changed to see what effect it has.

vegetable matter consisting of or derived from plants, in contrast to animal or inorganic matter.
vocation: any particular type of labor a person does that is a trade or profession or occupation.

warning: something that makes you aware of potential or probable harm or df.nger.

waste: anything that is worthless or useless; material which cannot be reused or recycled and hence must be
discarded or disposed of.

waste by-product: material or substance resulting from manufacturing processes which can often be reused
or recycled or may have to be disposed of very carefully because of its hazardous nature.

waste crisis: a problem that must be dealt with as we run out of landfill space to bury refuse.

waste management: see "solid waste management."

water pollution: the contamination of rivers, lakes, oceans and groundwater by harmful chemicals and
sewage.

water purification facility: a place where water is taken in and purified for drinking and other uses.
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waterway: any body of water that is wiee enough and deep enough to allow boats to pass through.

wildlife: animals living in a natural, undomesticated state.

wood: the tough, fibrous cellular substance of trees lying beneath the bark and consisting largely of cellulose
and lignin.

work: something that is done by humans and/or machines that requires energy.

work place: a place where a person does things to make a living.

t,
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ANSWER KEYS

Answer keys are arranged alphabetically by the first word in the title of the handout (the
activity title and chapter are given in parenthesis).

CALCULATING RESOURCE USE (How Much Do We Use? Ch. 5)

I. a. natural, b. renewable, c. resource;
2. 118;
3. 28 (12 divided by 3 4, 4x7-,28); 11.2; (4x28 -112)
4. 1.1.2 (If one 17' tree one 4' stack and a 4' stack 112 newspapers, then one 17' tree 112

newspapers.)
5. About 1 or 1.05 (If 112 newspapers can be made from a 17' tree and if one 17' tree 118 lbs. of news-

print, then 112 newspapers 118 lbs. To find weight of a single newspaper, divide 118 by 112.)
6. 7 or 7.35 (1.05 X 7 = 7.35); 383 or 383.25 (1.05 X 365 = 383.25)
7. 3 1/4 or 3.25 (If one 17' tree is required to make 112 newspapers, then divide 364 by 112 to get 3.25

trees.) 11) get the second answer multiply the number of families (represented by the total number of
students) in the class by 3.25.

CAUSE AND EFFECT AND POLLUTION (Deadly Drink, Ch. 7)

Fish and plants can become sick or die because improperly treated sewage from sinks and toilets flows

into streams, rivers and oceans.

2. Since wastes flow into the stream, he water in the stream is not safe to drink.

3. RLIfers can become polluted if pesticides are washed off the land into them.

4. The factory wao dumping chemicals into the stream, so is/Crmd plants died.

5. Phosphates from detergents, when dumped into rivers, make algae grow rapidly.. _

6. As algae grow they use the oxygen needed by fish, so fii2Lsometimes die

7. Wastes buried in a landfill combine with water from rainfall to created polluted mixture called

8. The underground water well became polluted .hen leachate seeped through the bottom of the landfill.

DECOMPOSING WORDS (Compost Dwellers, Ch. 3)

NO (bacteria can be considered non-green plants that can not make use of sunlight to make food)
1. psychro /philic; 2. meso /philic; 3. thermo /philic; 4. therinoimeter; 5. saprophytes

DESCRIBING HARMFUL WASTE (Hazards And Waste, Ch. 8)

1. noun
a danger
ous
dangerous

2. verb
to explode
ive
capable of exploding

3. verb
to catch on fire
able
able to catch on fire

able
ignitable

4. verb
to wear away
ive
can wear away
d

sive
(701Thil Vt'

. noun
some' hint; that can
cause death (poison)

is
able to cause death
(poisonous)

is
toxic

6 dangerous
reactive
ignitable
corrosive
toxic



DESCRIBING NATURE'S RECYCLING PROCESS (Natural Recycling, Ch. 3)

I. leaves
2. decomposers (bacteria, fungi); could mention small scavengers
3. a tree
4. scavengers and decomposers (students may list natures of these)
5. a squirrel
6. scavengers and decomposers (students may list names of these)
7. nutrients being absorbed by roots

DON'T BREAK THE CHAIN (Concentrated Chemicals, Ch. 7

1. Clover: The clover gets its energy from the sun.
Rabbit: The rabbit gets its energy by eating the clover.
Owl: The owl gets its energy by eating the rabbit, a herbivore.

2. Many possible answers but all should be related to the exposure of the clover to hazardous substances
which have either leached into the soil (thus drawn up by the roots of the "producer" plants) or turned
into gases in the air (thus drawn into plants by leaves). Leachate from solid waste dumps not properly
managed or spills and leaks from hazardous waste dumps can be a source of ground pollution. Air pol-
lution can be caused by incinerating waste or other materials such as coal.

3. They will have to migrate or find an alternative food source or they will die from starvation.

ENERGY RECOVERY (lb Burn Or Not lb Burn, Ch. 4)

1. Burning fuel heats water causing steam pressure to exert force to turn turbines. Turbines drive a gen-
erator to produce electricity to heat homes, play radios and TV's, cook food or for producing light.

2. coal, oil, gas, wood. Check to see if students list "garbage:' or different materials found in garbage such
as paper, cardboard, wood, plastic, etc.

3. Harmful gases and smoke are created. From observations in the experiment students should be able to
deduct, that some fuels produce less pollution than others. (Burning plastic creates lots of heat, but
produces more pollution than burning paper. High sulfur coal creates more pollution when burned
than other types of coal. Natural gas burns clean. Also mention that sonic fumes from combustion are
invisible and can be toxic.)

4. A special filter device called a scrubber or electrostatic precipitator) can be used to keep harmful
smoke particles from escaping into the environment. See if students suggest ways to generate electric-
ity without burning fuel, such as falling water, wind and solar cells. Nuclear reactions generate heat
without burning matter, but require disposal of a very harmful (radioactive) waste by-product.

5. The energy used to make products that end up in the waste stream is "recovered" because many waste
products contain stored energy which can he released upon burning.

GRAMMAR AND MECHANICS REVIEW (Invasion Of The Pollutians, Ch. 10

1. The

2.

3. Th

4. The

5. What

6. Th

7. Ther

"Help!

in a beautiful, unpolluted

by tht

werywhere,Ipollutedi

Wump Wort

Pollutian

is being invaded

odd

ndergroun to live.

theme vith

caused th

only one grassy

8. Th. Pollutian

9. "The Pollutian aiY gran

10. All of the

with all the,

Wump Worl

ump Worle beeausee itlwas4S0 polluted.

th Wum sis

anti

worke togetherlto de mi tip tht )olluti4
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11. How

12. Some of the. but it would never

HAZARDOUS WASTE DISPOSAL ROUTES (Hazards And Waste, Ch. 8

1. Two solid waste disposal routes are shown in the diagram; one leading from household containers to a
landfill, another leading from a residential dumpster to an incinerator.

2. At a landfill, percolating water passing through waste material can turn into a hazardous substance
called leachate. Leachate can work its way into aquifers if not carefully monitored and contained. See
if any students were perceptive enough to suggest contamination of the aquifer. I ncinerators can be the
source of air pollution (dioxins) if chemicals, such as plastics and household hazardous waste, are not
burned properly using filters. Landfills can be made safe by building a containment structure tof clay
soil or plastic liners) to keep leachate from soaking deep into the ground. Pipes and pumps are often
used to draw leachate out into special containment facilities. Incinerators can be made safe by burning
waste at very high temperatures and by filtering out particles before emission into the air.

3. Students should be able to notice that pipes lead from household sinks to a sewage treatment plant. If
something goes wrong at the sewage treatment plant, harmful waste may pass through it and be let
out into the river. The street gutter leads directly into the river, therefore if someone puts a hazardous
substance into it, the substance will go directly into the river.

4. The aquifer, as mentioned in the answer to question 2, could become polluted by leachate percolating
through the dump into the ground around the aquifer. Also, if people pour hazardous waste or other
chemicals on their lawns, these materials may also percolate down to water tables. A polluted aquifer
can make people who drink water from it sick.

5. If sewage water from the house passes through the sewage treatment plant without being properly
cleaned. then the water purification facility may take in this water to send to the apartment. The wa-
ter purification facility is supposed to filter all drinking water before sending it to neighborhoods, but
if something goes wrong or they do not detect a harmful chemical it may pass through the facility into
the tap water of homes.

HOW LONG TO BIODEGRADE (Decomposition Conditions, Ch. 1)

First: piece of lettuce; second: piece of paper; cotton rag; unpainted wooden fence post; painted wooden
fence post; tin can; aluminum can: plastic bottle; last: glass.

IT AI,I, ADDS UP (Concentrated Chemicals, Ch. 7)
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PART A: aquatic plants; aquatic insects: fish; eagle.

LITTERING IN OHIO (Ruling Out Utter, Ch. 15)

1. b, c, e, g; 3. a; 4, a; 5. c, d; b, c

LITTER LANES (Map Out Utter, Ch. 2)

ti

14

1. trash lane; 2. 2; 4. landfill; 5. recycling boulevard; 7. recycling boulevard: H. there are a lot of trash cans:
9. a trash can; 10. D-3 (E6/E-6 (D3.

,



LITTER NEWS (Time 'lb Celebrate! Hut Wait! Ch. 2)

1. a: hangover b: mountains of trash c: lots of debris
2. a: Ohio River shoreline h: downtown area c: sidewalks
3. fireworks display
4. 300,000
5, a: four mechanical sweepers b: hand crews

MUNCHING MICROBES (Compost Dwellers, Ch. 3)

1, WATER-FOOD-AIR; sunshine

2 & 3:

V

A DEAD FISH

ALUMINUM CAN

V

A

Iv_ APPLE WITH SKIN

RUBBER TIRE

A

A

A

4. water; helps breakdown and digestion

JARGLASS. .

NATURE'S RECYCLING PROCESS ;Natural Recycling, Ch. 3)

Sequence #1. picture 2 - both blocks are "K"
picture 3 "J" in top block, "A," "13," "F" in bottom blocks

Sequence #2, picture 2 - "C" or "D." "F"," "Id"'
picture 3 - "A:" "B," "F"

Sequence #3, picture 2 - top blocks "D" and "E"
picture 3 - top block "I," bottom block "A," "B," "F"

NATURE'S SANITATION CREW (Natural Recycling, Ch. 3)

Part A & B are DECOMPOSERS; C. D, E. F are SCAVENGERS
Part II: G 2nd, H 1st, 1 3rd; el 3rd, K 2nd, L 1st

RECYCLING MARKET VOCABULARY iDollarp; And Pounds, Ch. 13,

PLASTIC BOTTLE

(EITHER SOD
LEATHER DUST)

V

PART A:
I. aluminum; 2. brass; 3. center; 4. copper; 5. demand; 6. glass; 7. gold; 8. litter; 9. paper; 10. recycle; 11. re-
source; 12. scarce.

PART B;
gold: a heavy yellow precious metal found in the earth
copper: a reddish brown metallic element found in the earth
aluminum: a light-weight, silvery metal made from bauxite
brass: a yellowish metal alloy ofcopper and zinc
glass: a hard, brittle material that can be seen through, made from sand and other materials
paper: a thin, flexible materials made from wood pulp
1. Paper is the only material made from a renewable resource. Glass, however, is made from a nonrenew.

able resource which is in abundance.

.;
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RESOURCE SIMULATION (Resources & Conflicts, Ch. 5

1. Some resources are easy to obtain from the earth while' others are' buried in places that can make them
difficult to find.

2. There are large and small deposits of resources.
3. Resources must be extracted from the earth and doing this often creates a lot of waste material, espe.

dolly in mining; activities where the pure raw material must be separated from other material found
with it.

4. Resources ate often as fuel for energy to make other materials or to heat homes or provide elec-
tricity.

5. Resources can be conserved Especiolly melon newable resources noun( he conserved if we are to have a
lasting supply.

6. Different countries possess different quantities of natural resources or have more ability to obtain re-
sources from others than do some countries.

7. Most all countries of the world must trade with other countries to obtain all the natural resources they
need.

8, This would represent the renewing of a renewable resource.
9. This would represent the inability to renew a resource, hence it would be called a nonrenewable re-

source. These resources can be censer -ed by limiting consumption or by recycling.

SEQUENCING THE LIFE OF A NEWSPAPER (Resources In The Life Of A Newspaper, Ch. 5)

4; 9 or 10; 2; 8; 7; 9 or 10; 1; 5; 3; 6.

SEVEN SOURCES OF LITTER (At The Source, Ch. is

A. household garbage containers; H. loading dock; D. commercial; E. motorist; E construction site; G. uncov-
ered vehicle; H. pedestrian

SUBJECTPREDICATE POLLUTION STATEMENTS (Pollution Around The World, Ch. 8

1. Polluted water can harm animals and people.

2. Pesticides and herbicides:; can damage soil.

3. A big oil tanker may spill a huge load of oil into the sea.

4. A toxic spill from an overturned truck may force people from their homes.

5. The fish were killed by pesticide spills.

6. The average. American throws away more than 252,000 pounds of garbage in a lifetime.
. . . . . .

7. The Environmental Protection Agency estimates that there are over eighty thousand dumps with

toxic waste in the United States.

8. Litter can harm plants and animals,

9. Waste products from power plants can be dangerous.

10. The fifth grade students helped pick up litter on the playground.

TIME ORDER OF A RECYCLING DRIVE (Our School Recycles, Ch. 13)

Our school recycling program begins on the first day of school. We begin studying about recycling and how it
helps the environment. After studying about recycling we begin our advertising campaign. Our first "Recy-
cling Saturday" is the first Saturday in October and will continue throughout the school year. From ;(:00 to
11:00 am the elementary school is the collection center. People bring in their newspapers and aluminum cans
at this time. At 10:45 am parent volunteers come to school and we load up their pickup trucks, vans and cars
and depart to the recycling center. At the recycling center we unload and learn first-hand how recycling is
done. We collect anywhere from $50.00 to $200.00 for our newspapers and aluminum cans.



TWO RECYCLING SYSTEMS (Natural Recycling, Ch. 3)

1. B, C; 2. A, D; 3. B; 4. C; 5. decomposers; 6. machines

UNDERSTANDING RECYCLING (Magnets And Metaphors, Ch. 4)

1. c; 2. d; 3. a; 4. b: 5. d; 6. a person or character telling a story: 7. making new clothes to wear from old mate-
rial; 8. there are many possible answers: a wheel that goes around, painting an old house, etc.

WASTING WASTE: A PRE AND POST-TEST (When They're Gone, They're Gone, Ch. 5)

1, c; 2. ir 3. a; 4. c; 5. a; 6. c; 7. b; 8. c; 9. a.

WHAT MATERIALS? WHAT SOURCES?: The Original Source, Ch. 5)

1. WOOD (Pulp): made from trees (sometimes other plants); (magazine, napkin, paper plate, cardboard).
2. GLASS: made from silica (sand), limestone (lime), soda ash; (mustard jar, syrup bottle, window, soda

bottle, other possibilities)
3. PLASTIC: made from petroleum and coal; (two-liter soda bottle, 6-pack ring holder, candy wrapper)
4. ALUMINUM: made from bauxite and other chemicals; (pop can, beer can, foil, pie pan)
5. TINNED STEEL: tin is made from tin and steel from iron ore with other chemicals added; (soup can,

door knob, tent, stake)
6. CLOTH: made from plants (flax, jute), animals (sheep, silkworm); (sock. rag, possibly napkins)

`WHAT'S THE BIG IDEA?" (The Alien Utter, Ch. 1)

1. UM. ,Asists of human-made materials and natural materials which are discarded improperly.
2. Natural litter is made of leaves, twigs and other once living objects which accumulate naturally and

are useful to nature in some way.
3. We have a lot of power to help conserve our natural resources,

WHERE AND HOW? (At The Source, Ch. 2)

A. garbage and trash, including food and leaves, cans, bottles, wire, paper, cartons, boxes, automobile
parts, furniture, glass and many other objects that are dropped on the ground or not contained prop-
erly: waste which is not contained (There are many possible variations in answers.)

13. a place where something begins; cause (of improperly contained garbage and trash)
1. loading dock; 2. motorist; 3. construction site; 4. household garbage containers; 5. uncovered vehicle; 6.
pedestrian; 7. commercial.

WORDS AND THE AMERICAN LANDSCAPE (This Uttered Lund Is Your Land, Ch. 6)

1. B; 2. E; 3. B; 4. M; 5. M; 6. M; 7. B; 8. B; 9. E; 10. M; 11. 13; 12. M; 13. E; 14. M; 15. M.

1. ISLAND; 2. DESERT; 3. LI11'ER; 4. REDWOODS; 5. POLLUTION: 6. FOREST; 7. RECYCLE

WORDS IN ORGANIC CHEMISTRY (Recycling Plastic, Ch. 4)

1. poly; 2. more than one, many; 3. many; 4. one; 5. -cue; 6. polystyrene; 7. very thick or compact; 8. not very
thick, not compact; 9. garbage bag, compare the LDPE (Low Density Polyethelylene) garbage bag with the
IIDPE cup. The low density material stretches.); 10. Plastic materials such as ethylene, stryrene and propy-
lene are types of materials made from petroleum. Petroleum is made from decayed plant and animal matter,
hence organic matter.

WORDS TO KNOW (Recycling Dramas, Ch. 11)

1. recycling; 2. recycled: 3. conservation; 4. natural; 5. resources; 6. nonrenewable; 7. renewable; 8. land
space.
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INTRODUCING THE SUPER SAVER INVESTIGATORS
TO STUDENTS

What Are Super Saver Investigators?

Mary John Richard Juan Kim

Super Saver Investigators are elementary age students who investigate waste management and pollution.
They save the environment by:

a. disposing of waste properly;

b. reducing consumption of unnecessary materials;

c, reusing old materials:

d. recycling materials;

e. being informed and telling others about the relationships between improper waste disposal and
possible harm to the environment.

1988 Ohio Department of Natural Resources.



Different Aptitudes Of The Super Savers

Five Super Savers are identified in this guidebook based on different interests and abilities. (This gives teach-
ers a quick key to judging the nature of each activity as each activity includes an illustration of a Super Saver
engaged in an educational act reflective of his or her talents and interests and also reflectiveof what students
are to do in the activity.) The names of the Super Savers can be whatever students want to make them. For
purposes of explanation below, names have been provided. (Note also that the Super Savers represent different
ethnic backgrounds.)

Mary, who is Anglo-American. enjoys manipulating tools and equipment. She likes to make and use ma-
chines. She investigates how machines and technology can be applied to waste management and recycling,
and she investigates the effects of the improper disposal of waste materials on wildlife and human health. She
enjoys working outdoom

John, who is Black-American, likes to conduct experiments and make mathematical calculations. He knows
how to use scientific equipment and calculators. He generates hypothesesabout waste disposal and recycling
and tests these. He collects and organizes data about the consequences of improper waste disposal upon the en.
vironnient. He figures how much money can be made by recycling and calculates quantities of resources used
and saved by recycling.

Richard, who is Anglo-American, likes to read and write. He uses reference sources to look up information.
He writes stories about what happens to waste when it is both properly and improperly disposed of. He makes
charts to present information about recycling and saving resources. He conducts surveys to explain behaviors
of people. He writes scripts and news stories to publicize and draw attention to waste problems.

Juan, who is Spanish-American, likes to take action and be a leader. He can motivate others to recycle and to
take action to protect the environment. He enjoys organizing groups and he will stand up for what he believes
without fear of peer pressure.

Kim, who is Asian-American, likes to create useful things from used materials. She enjoys classifying objects
and making disp!ays by cutting and pasting. She writes songs to publicize issues. She enjoys working with her
hands and manipulating objects and used materials to make art objects and crafts.

.1

E-2



SUPER SAVER INVESTIGATORS ACTION-PICTURES EXERCISE

This exercise includes illustrations of the Super Savers and can be used however you like to introduce students
to the Super Saver Investigators. Here are some suggestions:

* Use the exercise before conducting any activities in the guidebook. You will need to explain some terms to
students as you have them read the information sheet, WHAT ARE SUPER SAVER INVESTIGA-
TORS? (You cEn become more familiar with these terms by reading the background information in the In-
troduction to this guide and to Chapters One and Two.) As students show interest in particular
action-pictures more than others, you could record which ones they seem most interested in and plan to
initiate activities related to these pictures. (You will find a listing of activities from which each picture
was taken at the end of this section. You can also use the Learning Skills Index to identify other activi-
ties that include similar skill development exercises for students.)

* Proceed as suggested above, but first introduce students to the subject ofwaste management by conduct-
ing one or more activities from Chapters One and/or Two.

Use this exercise (after conducting all activities you wish to do) as a way of evaluating what students have
learned. Note that the last illustration handout, Message Pictures, requires a different procedure than
the other handouts, which makes it valuable as a general evaluation tool.

Using The Action-Pictures

After deciding which approach to use above, conduct the exercise in the following manner:

a. Have students read the handout, WHAT ARE SUPER SAVER INVESTIGATORS? and discuss.

b. Go over the instructions for 1..;ing the action-pictures as described for students in the handout, WHAT
ARE SOME THINGS YOU CAN DO TO INVESTIGATE AND TO SAVE THE ENVIRONMENT?

c. Have students complete the exercise using the action-pictures. Remember that the illustration handout,
Message Pictures, is used in a different way, which may make it more appropriate as an evaluation tool.



WHAT ARE SUPER SAVER INVESTIGATORS?

Super Saver Investigators are students just like you and your classmates. To be a Super
Saver Investigator you must care about the environment. The environment includes every-
thing around you such as land, rivers, trees, soil, animals, buildings and people.
If you investigate your environment, you will find that people often do things that harm or
degrade the environment. Sometimes people litter, which can hurt animals and other peo-
ple. Sometimes garbage is taken in trucks and dumped in places where it can pollute water
and hurt animals living in or near the polluted water. Sometimes people can be harmed by
drinking polluted water.
If you investigate your environment, you will also find that people throw away things that
can still be used. Glass bottles, newspapers, aluminum cans and motor oil are a few of the
items people throw away which can be used again by recycling. Recycling means to make
new things from old things people would otherwise throw away. When new glass bottles are
made from old bottles, this is recycling. Similarly, when new newspapers are made from old
newspapers, when new aluminum cans are made from old aluminum cans, when new motor
oil is made from old motor oil, these are examples of recycling.
If you investigate recycling, you will find that when people do not recycle, more natural re-
sources must be taken from the earth to make new products. For example, aluminum cans
are made from aluminum ore, which must be taken from the earth. If we do not recycle old
aluminum cans, we must take more ore from the earth to make new ones. And when more
ore is taken from the earth, more oil and gas are also taken from the earth to run machines
that are used to dig ore out of the earth. So recycling saves natural resources and also
energy.
To be a Super Saver Investigator you must investigate what happens to waste materials in
the environment. Then, based on what you learn from your investigations, you must act to
save the environment.

(61988 Ohio Department of Natural Resources.
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WHAT ARE SOME THINGS YOU CAN DO TO INVESTIGATE
AND TO SAVE THE ENVIRONMENT?

Look at the series of pictures of the five Super Saver Investigators. Each picture in each se-
ries shows one of the Super Savers doing something to investigate or to save the environ-
ment. See if you can identify what each Super Saver is doing in each picture. Some of the
things they are doing are listed below, but you might think of other things they are doing as
well.

Doing an experiment
Making mathematical calculations
'Felling others what they can do
Writing reports
Doing research
Making tools
Looking closely at nature
Making artistic objects

As you describe what each student is doing in each picture tell why they are doing what
they are doing. For example, a Super Saver might be doing an experiment to see if water has
been polluted by garbage. Or, a Super Saver might be doing research to find out what re-
sources are being saved by recycling.
Directions: For each lettered picture, describe on line 1 what you think each Super Saver
Investigator is doing, and on line 2 tell why they are doing what they are doing.

19$14 Ohm Dtlartit,t)t ni Nat uritHiesoti rms.



INTRODUCING THE SUPER SAVER INVESTIGATORS
Action-Pictures

A 1

2

B 1

2

C 1

A

D

B

Series 1

E

2

D 1

2

E

2

1Wst, 1)hr,, I win,

E-6
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INTRODUCING THE SUPER SAVER INVESTIGATORS

Action-Pictures Series 2

A 1

2

B 1

2

C 1

A

2

D 1

2

E 1

2
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INTRODUCING THE SUPER SAVER INVESTIGATORS

Action-Pictures

A 1

2

B 1

2

C1

2

D 1

2

E 1

2

B

Series 3

C
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INTRODUCING THE SUPER SAVER INVESTIGATORS

Action-Pictures

A I

2

13 1

2

A

Series 4

1.

2

D 1

2

E 1

2
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INTRODUCING THE SUPER SAVER INVESTIGATORS

Message Pictures

A
B

C D

Directions: Explain the meaning of each action message and tell why the message in each
picture is important..

A

C

D
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ACTIVITY TITLES MATCHING PICURES USED IN
THE ACTION-PICTURES EXERCISES

ACTION-PICTURES SERIES 1 CHAPTER ACTION-PICTURES SERIES 2 CHAPTER
A. Useful Waste (1) A. At The Source (2)

B. Alien Utter (1) B. Puppet Dramas (11)

C. Waste & Words 161 C. Is The Water Fit To Drink? (8)

D. Map Out Litter (2 D. Dollars And Pounds (13)

E. Tiny Seastic's Feast (3) E. How Did This Happen? (7

ACTION-PICTURES SERIES 3 ACTION-PICTURES SERIES 4

A. Recyckville, USA 112 A. How Much Do We Use? (5)

H. Shabby Shelter 18 13, What's Under Water? (7
C. Waste In The Workplace (2 C. The Great Can Crusher Contest (14)

D. Our School Recycles (13) D. This Littered Land Is Your Land (6
E. Deadly Drink (7) E. Trash In History (9)

MESSAGE-PICTURES

A. Waste In Space

13. Resources In The Lit'e Of A

CHAPTER

Newspaper (5)

C. Pollution Around The World 1$)

D. Compost Dwellers (3)

E-11



Chapter 1

The Matter of Waste



THE MATTER OF WASTE CHAPTER 1

What are we throwing away?

What we throw away includes many materials. Fa-
miliar words such as garbage, refuse, rubbish, trash
and scrap refer to different kinds of waste materials.
Garbage is food waste including animal and vegeta-
ble matter from kitchens, restaurants, grocery
stores, slaughter houses and food processing plants.
Other waste, including garbage, is called refuse.
Rehaw can be many things: ashes, food waste, pack-
aging materials, cans, stones, glass bottles, dead an-
imals, abandoned cars, construction site materials
and sewage treatment residues. Rubbish and trash
are waste minus garbage. Scrap is rubbish or trash
in the form of fragments large bulky junk items
such as old refrigerators, old automobiles, old ships

mimmeimmix.

or parts of these. All of the waste materials
described above make up what is known as solid
waste'. Solid waste is usually distinguished from
hazardous waste produced from industry. However,
some solid waste from households contains poten-
tially hazardous substances.

A rethse analysis is a way of classifying different
waste materials by weight or volume. The following
list shows typical kinds of waste often referred to as
municipal solid waste, that result from human ac-
tivity in homes, schools, offices and businesses (but
not on farms or in industry). The following munici-
pal solid waste analysis' is based on percentages (by
weight) of the components:

PAPER (various types, including cardboard)
YARD WASTES (leaves, grass, street sweepings)
GLASS (and ceramics)
METALS

42.1%
16.1%

9.4%
9.2%

Ferrous 7.6%
Aluminum 1.4%
Other non-ferrous (brass, copper, zinc) 0.2%

FOOD WASTES (garbage) 7.3%
PLASTICS (packaging, housewares, toys, furniture) 6.5%
WOOD (packaging, furniture, toys, twigs) 3.4%
RUBBER (synthetic and natural) and Leather 2.3%
TEXTILES (synthetic and natural) 1.9%
ASHES, DIRT, MISCELLANEOUS 1.8%

The materials in a refuse analysis can also be classi-
fied by properties of matter. A typical analysis of
this sort is as follows: non-combustibles, including
metals and glass (24 %.); organic food waste, includ-
ing garbage and fat (12%); combustibles, including
paper, plastic, cloth, rubber and wood (64%).' Munici-
pal solid waste analyses do not usually include
larger sources of scrap such as automobiles, trains
and ships although these are also part of the solid
waste disposal problem.

Containers and packaging materials make up an im-
portant category of waste which represents some
30% of municipal solid waste. Consider the variety
of packaging for consumer products purchased
weekly at the store:

PAPER: paper bags, wrapping paper and wax paper,
cartons and cardboard boxes, candy wrap-
pers of cellophane and cellulose;

'A,..r,irding to the Resource Conservation and Recovery Act of 1976, solid waste is defined as follows: "any garbage, refuse. sludge from a
s le treatment plant, water supply treatment plant, or air pollution control facility and other discarded materials, including solid, liq
utd, semisolid, or contained gaseous material resulting from industrial, commercial, mining, and agricultural operations, and from com-
munity activities, but does not include solid or dissolved materials in irrigation return flows or industrial discharges which are point
sources subject to permits." EPA Activities: finder the Resource Conservation and Recovery Act of 1976, Annual Report 71) The President
and Congress (The Office of Water & Waste Management, U.S. EPA, March 1979). p. 1.1.
"Characterization of Municipal Solid Waste In the United States, 1960 to 2000." (Franklin Associates, Ltd., 1987). Refuse analyses differ
statistically because of numerous variables and different types of measurement designs. However, the relative differences of quantities
among the types of waste materials in any one analysis are generally the same as in other analyses. For example, paper is always the
largest quantity of any item, followed by yard waste, while glass and metals amount to less but more than plastic, wood or rubber items.

'R. Fred Rolsten, "Solid Waste! Is It a Waste?" Material& dispose or recycle? (The Wright Company, 19761, pp.3-4.
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THE MATTER OF WASTE

Background Information

WOOD/CLOTH: sacks for grain and seed, wooden
cases for fruit, string;

M ETA L: food in tinned steel cans, soft drinks in alu .
minum cans, foil, aerosol cans;

GLASS; jars and bottles to preserve peanut butter,
olives, mustard, soft drinks vad many
more items;

PLASTIC: bottles of polyethylene and polyvinyl
chloride for soap and shampoo packag-
ing for radios from expanded polys-
tyrene, plastic bubbles protecting toys.
plastic wrap for meats and produce.

Packaging increases the amount of waste requiring
disposal and is a significant part of the cost of grad-
ucts we buy. Packaging is often necessary to pre-
serve and protect products. but examples of
unnecessary packaging also abound.

Reduce and Reuse

There are two important ways to diminish the
amount of waste requiring disposal and to save re-
sources as well: reduce and reuse materials. People
can reduce their consumption of materials at home,
at school and at work. This can be done by using
only necessary quantities of materials and by buy-
ing products that art. not unnecessarily packaged.
Waste material requiring disposal can also be re,
duced by buying materials that art easily recycled.
Reuse often requires creative, resourceful ideas fen'
making new or decorative objects out of the parts
and materials of discarded items. Elementary teach-
ers have been reusing materials for quite some time
in their search for economical and creative class-
room projects.

Recycling and Saving Resources

Waste is often perceived as having little or no value'.
However, much of what people the 44tates
throw away as waste is really h e' .Linction
between what is truly waste au what. is useful is
very important when considering how we' can save
resources and energy and how we can save scarce
landfill space. It is we'll established that Americans
waste billions of dollars per year in energy and maa
terials that could be useful. Much of this waste of
waste happens by failing to transform or recNcie ma-
terials such as glass, iron, aluminum and other non.
ferrous metals into new products that are again use.

ful. According to one calculation. "over 80'4 of the
solid wastes produced in the United States are dis-
posed of by landfilling; 10'i are incinerated; and
only Sri are recycled. "

Resources reclaimed through recycling can be either
renewable or non-renewable resources. Renewable
resources as alive or continually being produced in
the natural eat, ironment, thus they regenerate. Re-
newable energy resources include the sun, wind and
ocean waves. Renewable material resources include
trees, animals and food crops. (it is possible, how-
ever, for human beings to interfere with the balance
of nature and cause shortages or even the extinction
of renewable resources.) ,Nan- renewable resources
are non-living. These resources are considered non-
renewable because they were created by bin-
geological processes taking thousands or millions of
years. Non-renewable energy resources include fos
Oil fuels such as coal. oil and natural gas. Non-
renewable material resources include iron ore,
copper, sand and limestone.

Many materials thrown out as waste are made of
non-renewable resources and require non-renewable
energy resources to ho producoti. This makes recy-
cling these materials especially beneficial. Products
manufactured from recycled materials usually re'-
quire fewer virgin resources and less energy to
make. Human recycling imitates nature's own
process of recycling by conserving energy and natu-
ral resources. This is done, as in the natural environ-
ment, by breaking down and rebuilding the physical
and sometimes chemieal ) properties of recyclable

materials.

Obstacles to recycling involve several factors: the
way products are made; economic and social factors;
and technological inadequacies. Items that are diffi-
cult to recycle include' certain plat;tics. bimetal cans,
aerosol spray containers, plastic coated paper and
food packaging containers (including wrappers)
which are made of a combination of materials such
as paper and/or plastic and/or foil. These are difficult
to recycle because their constituent materials must
be separated and recycled individually, which can be
very expensive to do. Another factor inhibiting recy-
cling is the lack of markets for recycled materials.
One of the goals of the' Ohio Division of Litter Pre-
vention & Recycling is to identify existing and pa
tins jai markets for recycled goods.

etession 1: Landfill ('nurse Introduction:' Waste Age 17 (January p. ti
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THE MATTER OF WASTE

Background Information

Understanding Waste and the Disposal
of Waste

Waste is constantly being generated and it does not
cease to exist once it is discarded. The law of the con-
servation of matter applies as directly to waste as to
any other substance. Discarded wastes do not disap-
pear and are not destroyed, but can be transformed
into other substances and materials. How waste is
transformed is dependent on many factors. These in-
clude characteristics of the waste itself, external en-
vironmental conditions affecting the waste, and how
waste is managed by people.

Transformation of matter takes pla.2e at different
rates and in different ways based on the physical
and chemical properties of different materials. Some
materials such as glass and plastic are so durable
that they hardly change at all and could be dug out
of a landfill intact 2000 years from now. Paper prod-
ucts, on the other hand, generally decay quickly. The
environmental change process of waste materials is
called decomposition. The decomposition of materi-
als can result from biological action, from weather-
ing processes or from chemical changes. Any
material is considered biodegradable if it can be bro-
ken down into basic elements by normal biological
processes. For example, paper products, wood and
garbage are capable of being broken down biologi-
cally by microorganisms such as bacteria and fungi.
However. materials such as glass, plastic and alumi-
num are non-biodegradable because bacteria and
other decomposers cannot break them down, or can-
not break them down easily. Non-biodegradable ma-
terials are susceptible to breakdown by weathering
and chemical changes.

;leathering is a process of decomposition caused by
temperature changes, rain, wind and sunlight. An-
other way some n9n-biodegradable materials decom-
pose is through oxidation, a chemical change
associated with the decomposition of metals. Rust-
ing is the result of the oxidation of iron. Not all met-
als oxidize at the same rate; aluminum takes longer
than tin or steel.

The distinction between organic and inorganic
waste materials is another distinction important for
understanding decomposition processes. Most solid
waste materials that are organic decompose more
rapidly than inorganic materials. Organic waste
materials are made or gathered from living animal
or vegetable matter. Organic wastes such as food re-

mains and paper products decompose quickly. How-
ever, other organic waste materials, such as rubber
and plastic can take a very long time to decompose.
(Plastics and rubber are made from petroleum, an
organic material which derives from once-living or-
ganisms which have decayed over a period of thou-
sands of years.) Inorganic waste materials such as
steel, glass and aluminum are derived from non-
living things and take a relatively long time to de-
compose. For instance, glass that is over a thousand
years old has been dug up by archeologists. Inor-
ganic waste contains matter that is not broken down
easily by weathering or biological processes.

Human-made products, whether they are derived
from organic or inorganic materials, take longer to
decompose than natural objects such as plants and
animals. Observations of the physical properties of
matter help to distinguish human-made objects from
natural objects. Compared to natural objects,
human-made objects tend to be brighter, more lus-
trous, smoother, more precise and uniform in size,
weight and shape, and have less smell. Physical
characteristics also indicate the functions objects
served before they entered the waste stream. These
functions may have included durability, conve-
nience, storage and preservation, warmth and com-
fort. In order to produce products that serve these
functions, we have made materials that cause prob-
lems when we throw them away.

Landfills and What Happens to Waste in Them

A landfill is where most of our waste is taken to be
buried in the ground. Landfilling waste can be an
environmentally sound way to dispose of waste.
Modern landfills are not the noxious open dumps of
the past. At a landfill, waste materials are spread
out and compacted in layers by machines. These lay-
ers are then covered with earth at the end of each
day. This keeps vermin, diseases, blowing materials,
odors and human-caused combustion from being a
problem to nearby residents. At a landfill, as succes-
sive layers of compacted waste and earth build up to
several feet (10-12 is typical), these are completely
covered (typically in a ratio of one part soil to four
parts waste) to make a cell. Cells are built beside
and on top of each other until they reach as much as
50 to 100 feet above the original ground surface. A
final covering of two to five feet of soil (that may in-
chide a layer of clay underneath to keep water out) is
then put in place. Vegetation is established on top.
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THE MATTER OF WASTE

Background Information

In some cases parks are even created on top of
landfills.

Simply covering waste materials with dirt does not
make a landfill environmentally safe. Landfills
(which are also called sanitary landfills) must be en-
gineered to remove all harmful liquids and harmful
gases which eventually arise. This requires lining
the bottom of the landfill with special materials and
installing pipes to collect hazardous gases and toxic
liquids. Numerous household hazardous wastes (poi-
son, bug spray, shoe polish, etc.) end up in landfills
without being treated beforehand. This means a
landfill mtains different chemicals from contain-
ers, which together with rain water and acids gener-
ated by bacteria produce a harmful liquid called
leaehate. Another harmful element is a dangerous
gas, known as methane, which is eventually pro-
duced at landfills after some years. The contents ofa
landfill can be viewed as a mass of teeming life, liq-
uids and gases interacting to create biophysical
transformations as the garbage and trash we throw
away decomposes.

Both theoretical and technical sciences are applied
in managing solid waste disposal at a landfill. Prop-
erly maintained landfills involve complex designs
and each one is different because of the many varia-
bles and theories associated with the construction of
a landfill. A brief consideration of a few variables
will give some insight into the theoretical and exper-
imental nature of landfill construction. The varia-
bles considered can be described according to two
categories: environmental factors and properties of
waste materials.

In considering environmental factors, several varia-
bles can be identified. They include moisture and
rainfall, temperature, compaction of soil and soil
cover permeability. For example, the more moisture
in a landfill (which is determined by rainfall and soil
permeability), the less air circulates. This limits cer-
tain types of bacteria which decompose organic mat-
ter quicker than bacteria which thrive without
oxygen. Other variables to consider include the
right mixture of air and moisture in a landfill, or
variations in temperatures that affect the rate of de-
cay of materials.

In regard to the properties of waste materials, one
important variable is the ability of a waste material
to decay in the presence of biological or chemical ele-
ments. Garbage (organic food remains) decompose
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very rapidly, as aerobic bacteria (bacteria requiring
oxygen to live) and other tiny Organisms in the soil
begin to feed on the waste. Paper is also decomposed
relativ?ly quickly by bacteria and fungi depending
on the grade and type of paper product. Natural
cloth and wood are consumed at a slower rate by mi
croorganisms. As microorganisms consume waste,
they incorporate elements of waste materials such
as ammonia, carbon, phosphorus and potassium into
microbial protoplasm. Oxidation replaces micro-
organisms as the decomposing agent of metals and
minerals in natural fibers and other products. Oxi-
dation of some materials, however, creates toxic ox-
ides, which can create pollution problems. Synthetic
rubber remains essentially inert, while natural rub-
ber breaks down extremely slowly. Glass and plastic
are also inert in landfills.

Other variables related to the properties of waste
materials include their ability to be compacted or
shredded or to become hazardous to life. Waste mate-
rials which can be shredded or baled save space in a
landfill. Rocks, clean dirt, bricks, concrete and
crushed glass compact well and cause no pollution.
Items such as tires, mattresses, furniture and appli-
ances compact and settle poorly as they take up a lot
of space and move around in landfills.

An increasingly important problem is the disposal of
household hazardous waste by consumers. Chemi-
cals. paints, insecticides and other household haz-
ardous waste can leach into ground water supplies
and pollute the environment outside a landfill if lea-
chute is not properly contained Hazardous wastes
are often difficult to recycle, but treating them be-
fore disposal can help to keep them from being
harmful when taken to a landfill. However, some
household wastes, which are considered very toxic.
should be taken to special waste disposal facilities.
Consumers can be especially helpful in a compre-
hensive solid waste management program by recy-
cling materials such as paper, glass, aluminum and
plastic and by disposing of hazardous wastes
properly.



USEFUL WASTE CHAPTER 1
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Objectives Students will be able to: (1)
identify and describe waste material in their envi-
ronment; (2) compare items of waste which can be
useful when reused or recycled with items of waste
which must be disposed. Students will improve their
abilities to ex-press thoughts orally sand in writing.

Method Students discuss the difference be-
tween useful objects and waste objects; they reason
and rank a variety of waste items from "most usea-
ble" to "least useable:. They discuss recycling and
classify waste items brought from home as recycla-
ble, reuseable or disposable.

Duration: two to three class periods.

Setting; classroom

Subjects: Science, Language Arts

Curriculum Reference: 2.2, 6.1

Preparation Gather the following
items: aluminum can (half crushed), glass bottle,
crumpled page of newspaper, plastic bottle (creased
or dented), tin can, cigarette butt, piece of rope, or-

angel peel, bottle cap and an empty aerosol bug spray
container or other household hazardous waste con-
tainer. If you can, put sets of these items in bags,
with enough bags for each group, if you decide to use
groups.

Vocabulary hazardous waste. landfill,
litter, recyclable, useful, waste

Handout Haling Ifirste

Procedures
1. Decide whether you want this activity to be ac-

complished individually or in small groups. If
you choose the latter, divide the class or have
them choose their own groups,

2. Arrange the items lists .1 below on a demonstra-
tion table, or, if you made provisions to do so.
give a set of items to each group and have stu-
dents arrange items on tables so they can be
seen and touched. Write the name of each item
on the board. (Do not list, in the order below as
this list is divided into items which are typically
recyclable and items which must usually be
thrown out, a distinction relative to a later exer-
cise for students.)

ALUMINUM CAN
GLASS BOTTLE

PAGE OF NEWSPAPER
PLASTIC POP BOTTLE
TIN CAN

CIGARETTE BUTT
PIECE OF ROPE
EMPTY BUG SPRAY CAN

ORANGE PEEL
BOTTLE CAP

Discuss how these waste objects were once use-
ful and how they often end up as litter or in
trash cans. Define the terms "litter," "useful"
and "waste". Do not mention recycling at this
point unless it is brought up by students.

3. Instruct each student or group of students to
rate each item from the "most useable" to the
"least useable" object. Groups can arrange
items in rank order across the table. Have stu-
dents present their reasoning in each case. The
handout, Rating I$aste, is to be used for this
purpose when dealing with older students. (Rea-
soning might include the use of the object to
make something or to keep something in. Items
could be used as tools or in a game. In some
cases, aesthetic ugliness, threats to health or in-
jury potential might affect judgments about an
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USEFUL WASTE

object's usefulness. Some students may reason
based on recycling potential or even use in com-
posting.) When completed, discuss answers with
the class.

4. Discuss the concepts of reuse and recycling. Ex-
plain that objects which can be reused or recy-
cled are useful. Go over each item again and
discuss whether it is recyclable (useful) or a
waste object. Those objects in the left column
above are recyclable; those items in the right
column usually end up being thrown away. But
there is no definite answer, as someone could re-

use an item such as a orange peel in a compost

pile. Some students may suggest that bottle

caps and rope could be reused as art prtkjects.
Check and see if any of the recyclables you have
discussed are collected in your community so
you can tell students about recycling opportuni-
ties available to them. Or, start a recycling

drive at. your school.

5. Ask students which item could be hazardous to
their health (bug spray). Explain what hazard-
ous means.

Evaluation Have students check to see
what has been thrown away at home. Ask them to
bring in one clean waste item, one clean recyclable
item and a clean reusable item. When students
bring these to class, have them put each item in dif-

ferent boxes explaining why they are doing so. Mark
the box for recyclable items "Recycling Center" and
the one for waste items "Landfill." Explain how re-
using and recycling waste saves landfill space. Ex-
plain why we need to save scarce landfill space.

8



USEFUL WASTE
RATING WASTE

Directions: Rate items from the MOST useable to the LEAST useable. Write them
down in rank order in spaces 1-10. Write down the reasons why you chose the first
three items to be most useable and the last three items to be least useable.

MOST USEABLE

Reason:

Reason:

Reason:

Reason:

Reason:

10. Reason:

LEAST USEABLE

U4$$ Oho. Drpartrurrit of Nniurbl firwturres
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NATURAL RESOURCES
AND WASTE MATERIALS 1CHAPTER
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Objectives Students will be able to: (1)
ciassiry waste according to environmental distinc-
tions such as natural or human-made, organic or in-
organic, made from renewable or made from
nonrenewable resources; (2 explain how recycling
saves natural resources. Students will improve their
ability to describe similarities and diffrrenees.

Method Students identify objects on a
handout as either natural or human-made. They
identify litter on the handout and infer what natural
resources were used to make the human-made ob-
jects. They make a collage to reinforce the learning
of distinctions covered in the activity.

Duration: two to four class periods

Setting: classroom

Subjects: Science, Arts & Crafts

Curriculum Reference: 2.2

Preparation Gather materials to make
a collage: crayons, magazines, scissors, chart paper
(or poster board), glue or thumb-tacks. Gage the
learning abilities of your students as the later activ-

ities in the Procedures and in the Evaluation are
more difficult assignments than the initial exer-
cises.

Vocabulary biodegrade!, classify, col-
lage, human-made. inorganic. litter, natural. nonre-
newable resources, organic, recyclable, renewable
resources

Handout Natural or lluntan-,11ade? An-
swer Key

Procedures
I. Ask students what the words "natural" and

"human-made" mean. Natural things include
all living things (plants and animals) and ob-
jects of the earth (rocks, soil, sand). Human-
made items are things people make, often with
tools and machines. Have an assortment of
these items on hand to show the class, but avoid
using items on the handout, Natural or Human-
Made?

2. Give a copy of the handout, Natural or Human-
made? to each student and have them complete
it according to instructions. Discuss after they
complete it.

3. Have students identify human-made objects re-
presented as litter in the handout and the "nat-
ural litter" (apple core on sidewalk). "Natural
litter" in this context refers to a natural object
littered by someone. Explain how natural litter
can cause harm in a human environment while
it can be useful in a natural environment. In a
human environment it could cause an accident
or attract vermin with disease. It will biode-
grade and become part. of the nutrients in soil in
a natural environment. Compare human reuse
or recycling of human-made objects to natural
recycling of organic wastes.

4. If using this activity with older students, define
the arms "organic" and "inorganic," "renew-
able resources" and "nonrenewable resources"
and "recyclable." Look at the handout again.
Have students identify the natural organic
items and the natural inorganic items. Then
have them point out which of these natural
items are renewable resources and which are
nonrenewable.

5. Ask students to draw a line (or lines) from each
of the human-made objects to the resources (nat-
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NATURAL RESOURCES AND WASTE MATERIALS

ural object.$) UtiVd to make them. Have students
identify which human-made objects can be re cy-
ckd and thus which natural resources are being
saved by recycling. Ask students to identify the
one object depicted on the handout which is the
natural source of all other objects on the hand-
out isuni. Explain.

Evaluation Passass out magazines with
pictures and advertisements. Have each student cut
out a picture of a humanmade item and a picture of
a natural item. Put two large sheets of paper on the
bulletin hoard, marking (m "human-made" and the

other "natural." One at a time. have each student
bring up a natural and a human-made picture to he
affixed to the appropriate poster in collage fashion.
As each student brings up the pictures, discuss with
the class if the pictures have been categorized cor-
rectly. For older students, after completing the two
collages, have them identify each picture according
to the following classifications: a. organic object:
h. inorganic object; c. recyclable object made from
renewable resources and d. recyclable object made'
from nonrecyclable resources. They could make a
list of these on paper.

12



NATURAL RESOURCES AND WASTE MATERIALS
NATURAL OR HUMANMADE?

Directions: Circle the pictures of human-made objects. Outline in pencil or crayon the
pictures of natural objects or substances. Put an "X" on the littered objects.

lithrt Ohm Departrtwnt of Nat urn! lititourrtn,
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NATURAL RESOURCES AND WASTE MATERIALS

can:
human-made;
container:
human-made

plastic
two-liter
bottle:
human-made

sheep: natural,
organic,
renewable

lumber:
human-made

sand: natural,
inorganic,
nonrenewable

ANSWER KEY NATURAL OR HUMAN-MADE?

wooden wagon:
human-made

tree: natural
organic, renewable

trash can:
human-made;
paper: human-made

wool sweater:
human-made

glass bottle:
human-made

oil (petroleum):
natural,
organic.
nonrenewable

apple: natural,
organic,
renewable

ADDITIONAL NOTES: Glass is made from sand (and other materials). Plastic is made from petroleum. Paper
is made from trees. The can pictured in the container could have been made from aluminum or tinned-steel. If
aluminum, the source is bauxite; if tin and steel, the sources are tin and iron-ore. Each of these sources is inor-
ganic and nonrenewable. Glass, plastic, paper, and aluminum or steel represent this major recyclable items on
this handout. Paper is the only one made from a renewable resource; however, thkee is so much sandstone in
existence that we are not likely to run out of it nearly as soon as we could other nonrenewable resources. Cloth-
ing, often made from renewable resources, can be reused.
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LITTER DICTIONARY COMPETITION CHAPTER 1
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Objectives Students will he able to: ( I I
describe special properties of litter and waste objects;
(2) tell whether these items are recyclable or not.
Students will improve their ability to work coopera-
tively and productively with others.

Method Groups create an alphabet. dictio-
nary making illustrations and describing pieces of
litter or waste that correspond with letters of the al-
phabet. They play a guessing and a rhyming game
using information from pages of the dictionaries
they made. They infer from descriptions of proper-
ties of waste items what the item is,

Duration: four or more class periods

Setting: classroom

Subjects: Science. Language Arts

Curriculum Reference: 1.1

1

Preparation twenty-six sheets of draw-
ing or construction paper and twenty-six sheets of
draft paper available for each group of students; dic-
tionaries, crayons, pencils and a variety of waste ob-
jects andior pictures of potential throw-aways.

Vocabulary alphabet. properties. recy-

clable. rhyme

Procedures
1. Collect a variety of litter and trash. Student F.

might. collect litter from an area around the
school. bring in WaSie items from home andior
use magazines to find pictures of objects that

usually end up being thrown away. Display

these for everyone to see. Explain which materi-

als are recyclable and which ones are nut. For a
list of recyclable items see Background Informa-
tiim, Chapter 4.)

2. Divide students into teams or have them divide
themselves into teams. Groups will identify ob-
jects of litter or waste according to letters of the
alphabet. For each letter/object they will de-
scribe the following: a. nuiterial(s) used to make
it (paper, glass. aluminum. etc.): b. whether it
can be recycled or not; c. sonic of its properties
(shiny, rough, bends easily, smooth, compacts
easily, square. cylinder. etc.). Do an example for
the class before having them begin.

C Canatfor 12r

paper I astir
4. hard 10 mold e.

Roferfie, 1-ear5 casi
5mooth 2 colors , burns .

If students in the group cannot think of a waste
item to match with a letter, they should go on to
the next letter. Once they have identified as
waste item for a letter of the alphabet have
them complete as much information as possible,
but they should go on to another letter if they
cannot fill in all the requested information.

3. Have groups make a picture of each item and
work out picture and word displays on draft pa-
per before arranging on the final page. They
should work together eliciting ideas from every-
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LITTER DICTIONARY COMPETITION

one in i he group as to descriptions of each alpha-
betized item. Then have one or two students in
the group copy onto the final page.

4. 'MI each team to do as many letters of the al-
phabet as they can and not to discuss with other
teams what they are doing. After allowing sev-
eral class periods to complete. collect the fina-
lized sheets from each team.

5. The winning team will be judged accordingly:

2 points for correctly identifying a piece of litter
and spelling it correctly;
1 point for properly identifying material(s) used
to make the item;
1 point for identifying correctly if it is recyclable
or not, or difficult to recycle. This may be hard-
est to judge in sonic cases. Most waste can tech-
nically be recycled or composted, but efficient
and remunerative systems are lacking for some
waste materials such as certain plastics. batter-
ies, aerosal cans. plastic coated papers, etc. (For
an explanation of difficulties in recycling see
Background Information, Chapter 4);
1 point for each property named.
(According to these criteria the example given
above, in Step 2, would be worth 8 points.)

Tally points from all sheets of each group. Have a
prize for the winners.

6. Sort out lettered sheets for which no waste item
could be identified by any of the groups. Brain-
storm as a class helping students think of items
for these. Then have them return to groups to
include letter/objects they could not think of the
first time. Have each group put their sheets into
booklet form binding all 26 pages and designing
a cover, listing each student's name in the
group. Or, you could make a single book from
the best examples from each group. Display on
classroom library table. Or, collect the sheets in
loose but alphabetical order and use them to do
the following exercise.

7. Choose the best pages from each group, espe-
cially those pages with correct "properties" de-
scriptions. You may want to make photocopies of
pages in order to preserve the book(s).

a. Shuffle sheets of pages.

b. Have a student read the "properties" de-
scription of the item on the page, and see

who can guess whr.: waste item is referred to
in the description. Repeat, allowing other
students to participate.

c. With older students, after each item is
guessed, discuss how the properties
described make it easy or difficult to recycle
or dispose of that particular item. (e.g. News-
paper is not very durable and it absorbs wa-
ter easily, so it can be turned hack into pulp
for recycling; it will biodegrade in a landfill.
An aluminum can has a relatively low melt-
ing point so it can be recycled easily. It can
he compacted for storage until it gets to the
recycler, and because it does not oxidize rap-
idly it will not biodegrade very quickly in a
landfill. Plastic can be melted to be recycled.
When plastic is incinerated, it gives off toxic
gases which have to be captured before en-
tering the atmosphere. Plastic is so durable
it lasts almost forever in a landfill.)

8. Play a rhyming game using the list of waste ob-
jects the students described in their dictionaries.

a. On the board, draw any number of slides de-
pending on how many teams you divide the
class into.

Tbam 1 Team 2

h. Mike turns giving one student fro : each
team a word from the dictionaries r he stu-
dents made or any word related to litter. The
student then has to find a word (no. neces-
sarily litter related) that rhymes with the
given word. If the student has a rhyming
word he/she goes up to the team slide and
puts an "X" on the rung. The first team to
the top wins. (NOTE: All slides must have
the same number of rungs.)

16



LITTER DICTIONARY COMPETITION

Examples:

From the Dictionary Pages Rhyming Words
Cc Can
Ww Wrapper Trapper
Ss Shoe Blue

Evaluation Have students describe
their roles in the group and then have them list as
many objects of litter and waste as they ran. de
signating which types are recyclable tithout using
the In they just made).
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DECOMPOSITION CONDITIONS
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Objectives Students will be able to: (1)
de seribe the decomposition process; (2) compare rates
of decomposition of various materials when left in
the environment or disposed of in the ground; (3) ex-
plain why recycling saves landfill space. Students
will improve problem solving skills and their ability
to work cooperatively in groups.

Method Students discuss variables in the
decomposition process and hypotheses related to
changes in matter. They ronduct experiments with
waste items by creating mini-landfills. They use
working hypotheses to make inferences and to pres-
ent. final conclusions about the decomposition rates
of various waste items under test conditions.

Duration: several class Feriods over the
course of a couple of months or
more

Setting: classroom

Subjects: Science, Language Arts

Curriculum Reference: 1.2, 3.3

Special Note The making of a mini-landfill is one
of the most popular activities in waste management

activity guides. It can be done successfully in many
different ways. The procedure described in this vari-
ation of a mini-landfill exercise requires the testing
of several variables and the application of hands-on
scientific observations guided by inferences and hy-
potheses. This calls for careful preparation by the
teacher and an amount of time which teachers may
not be able to give to a special interest subject dur-
ing the year. Therefore, many short-cuts can be
taken. Instead of cutting materials to specific sizes,
just make sure a variety of waste items are used as
you find them. The simplest way to conduct the ex-
periment is to put all the items in a large glass jar or
aquarium tank of dirt and have students observe
changes through the glass over select periods of time
during the school year.

Prior to doing this activity it is advised that at least
one or two other activities in this chapter he done so
students have a basic understanding of the proper-
ties of waste materials. Also, Background Informa-
tion in Chapter 3 is helpful for understanding how
organic materials used in this activity decompose.

Preparation Gather in a shoe box the
ten items listed below. Allow one shoe box of items
for each small group of students.

piece of lettuce
piece of bread
light piece of cotton cloth 3" :3" ipiece of thin
cotton handkerchief or other thin cotton material)
a 3" : 3" piece of paper I newspaper or writing
tablet paper)
a 3" .; :3" piece of cardboard
a 3" x 3" piece of aluminum pie pan
a long thin iron( not aluminum) nail (with no rust)
a popsickle stick tor other piece of wood)
a 3" r 3" cut-out of a plastic lid from a butter con-
tainer, etc. or a 3" x 3" piece of plastic wrap
a small glass jar Ismail jars for mushrooms, olives,
mustard, etc.)

Collect the following items fur the creation of mini-
landfills:

a container for each test sample group: buckets,
dishwashing tubs, cut-off plastic gallon milk jugs,
large peanut butter containers, large glass jars,
etc. tit is not necessary to have the same type of
container for each group.) 'lb complete the experi-
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DECOMPOSITION CONDITIONS

meat as suggested in the Procedures. at least
three containers are called for. However, you can
expand the experiment using four or more con
tainers.
soil or dirt from outdoors, enough to fill each
group container near to the top. (Do not use pot-
ting soil, sandy soil or clay unless you want to cre-
ate various soil conditions for comparisons.)
rulers for each group
a weight scale (one fur entire class)
tongs for picking up delicate or moldy items
spray water bottle (one for entire class)

Vocabulary biodegradable, change.
decompose, evidence, experiment., experimental con
diti;ins, hypothesis, landfill, matter, rumbioclegrada.
ble, open dump, physical properties, simulation.
variable

Handouts Recording Changes: lion.
1.,;(ng M Bkmiegrade?

Procedures
IDEAS FOR THE EXPERIMENT

I. Examine the concept of "change" with students,
explaining changes that result from wear or de,
city. Shoes and roads become worn and need re-
pair, etc. Discuss how some things change
slowly. some quickly. Do a demonstration with
an ice cube and a flower: ice cube, at room tem-
perature, changes (melts) quicker than the
flower in water changes (withers or decays).

2. Divide the class into groups according to the
number of test samples you have decided to use.
Present the shoe boxes of items (described in the
Preparation) to student groups. Show them the
contents of one box identifying each material:
glass, food, plastic, etc. Ask the class to think of
a place where all these items might be found to.
gether (trash can, dump, landfill). Note that
they are all found together if recycables are not
separated from the trash. Ask students which
materials could be recycled. Ask students what
different types of waste the items in th :. box rep-
resent: organictinorganic matter, made from re-
newable or from nonrenewable resources, etc.
(Discussing these terms will be easier if you
have had students do sale activity, NATURAL
RESOURCES AND WASTE MATERIALS,
in this chapter.)

3. Explain to the class that most trash in the
United States is disposed of in landfills. Ask
them how they might make' a test in the class..
room to see what happens to these materials
when they are taken to a landfill. This discus
sion should imlude the' following considera-
tions:

What is a landfill? It is a place where waste is
buried in the ground. It differs basically from
an open dump because each day trash is cov-
ered with a layer of soil (do not discuss why
this is done. yet).
Weather conditions: rain and moisture are'
important factors at a landfill creating differ-
ent effects on materials. (If there is too much
moisture, not enough air will reach the waste
matter, hence there will be less oxidation and
fewer waste-eating bacteria which rely on ox-
ygen to live.)
Diflerent materials are buried in a landfill:
some decay faster than others, while some do
not appear to decompose at all.

Explain the concept of variables to students and
how moisture content, soil covering and proper.
ties of organic and inorganic materials repre-
sent variables in the decomposition process. Ask
students how these' variables in landfill condi-
tions could be simulated in order to conduct an
experiment about what happens to waste when
it is put in the ground. Discuss the' meaning of
"simulation." After discussing the. landfill simu-
lation concept, show students the supplies for
making a mini-landfill.

PREPARING THE EXPERIMENT

4. Ask students why scientists conduct experi-
ments (to observe what. happens under certain
conditions). But what guides their observations
and the specific conditions used in the experi.
ment? For this, a major hypothesis and minor
hypotheses are often used. Explain what a hy.
pothesis is, Lead discussion around to establish-
ing the following hypotheses.

Major Hypothesis: All materials, living and
non-living, are in a constant state of change, yet
some materials change quicker than other ma-
terials. (This hypothesis was established in the
first step of the activity. You could have written
it down then and refer back to it now.)
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DECOMPOSITION CONDITIONS

Minor Hypotheses: These are related Lo the
discussion in Step 3 and to knowledge about
waste materials learned in prior activities of
this chapter.

a. Most organic materials will change faster
than inorganic materials in a landfill. (or)
Inorganic materials will change' faster than
most organic materials. (Background Infor-
mation in Chapter 3 discusses how organic
matter decomposes and the variables in
volved.)

b. The more moisture or water in a landfill, the
faster the materials will change. (or) The
dryer the landfill is, the faster the materials
will change.

c. Waste that is buried in the ground changes
faster than waste not buried.

There are other hypotheses as well which you
may want to consider testing in place of or in ad-
dition to those listed above. An extra hypothesis
about soil permeability could be tested. It could
be written as follows: Soil that is permeable (to
water, such as sand and gravel) will cause mate-
rials to change faster than soil which is not per-
meable (clay). lb test for this you will need to
have different soil samples available. Another
variable which could be tested is that of temper-
ature. A refrigerator, or doing part of the activ
ity outdoors during the winter, would be
required to experiment with temperature.

The rest of this procedure description deals with
the testing of "a," "V and "c" above in Step 4.
You may decide to test only one or two of these
hypotheses to simplify the procedure. Just
watching waste items change over a period of
time in a jar of dirt will confirm the major hy-
pothesis discussed above. (Remember changes
in glass or plastic will be imperceptible given
the time available, but c genic food waste and
paper products should rea4ily decay.)

CONDUCTING THE E.PERIMENT

5. Before proceeding to make the mini-landfill,
give each group two copies of the handout, Re-
cording Changes, so that all ten waste items can
be listed. Write the names of items (lettuce,
bread, cloth, paper, cardboard, aluminum, iron,
wood, plastic, glass) on the lines at the left.

Have each group choose a person to record data
on the chart. Students should examine all ten
items carefully, describing various physical
properties of each: size, shape, texture, color,
weight. Have recorder describe these in column
*INITIAL PROPERTIES OF OBJECTS."

6. Do this language arts extension. Have students
write riddle's that describe the waste items. Use
at least three adjectives in each riddle. (Ex.
"What is green, leafy and limp?")

7. Supervise the making of mini-landfills. Remem-
ber to construct each one in different ways, de-
pending on which variable each group will test
in their sample.

a. lh test for minor hypothesis "a" (in. Step 4
above), make sure each item on the Record-
ing Changes record sheet is identified as ei-
ther "organic" (food items, paper, plastic,
cloth, wood) or "inorganic" (iron, glass, alu-
minum). The word could be written below
the name of the item. All groups can test for
this, but under different conditions.

b. Testing for minor hypothesis "b" (in Step 4
above) requires that mini-landfills be wa-
tered differently and/or one not at all. (As
water may accumluate in the bottom of
minilandfills that are designated to receive
water in various amounts, decaying proc-
esses may lead to a bad smell. lb avoid this,
add a small layer of crushed limestone in the
bottom of these containers.)

c. To test for minor hypothesis "c" (in Step 4
above), do not put a cover of dirt over materi-
als in one of the containers of waste. Instead,
put a window screen over it. You may want
to make two "open dumps," testing one un-
der rainy conditions and leaving the other
dry all the time.

8. Proceed to have each group make a mini-
landfil!, putting dirt in the bottom of their con-
tainer, then waste items, then more soil on top,
if called for. Dampen soil with water, if called
for, and in varying amounts in different contain-
ers, if called for

9. Have each group decide what they think will
happen to each item over a period of ten days.
They should record their inferences in the col-
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umn "WHAT YOU THINK WILL HAPPEN" on
the Recording Changes ha, :out. Trli them to
rely on their knowledge o. the landfill condi-
tions and the properties of waste items to make
these inferences. Have students describe how
the physical properties of each item might
change given the conditions of their test sample.
Put mini-landfills in a safe place and store re-
cords and riddles in folders. Also, write out the
conditions for each mini-landfill (whether to wa-
ter and how much, how often; how much dirt
cover it has, etc.), and keep these in the folder.
Put special directions (such as "spray me with
five squirts of water everyday") on each mini-
landfill container.

10. At the end of ten days have groups assemble
with their landfills. Open up a section of several
pages of newspaper on each table as if reading it
wide open. Have one student from each group
carefully scoop out dirt with waste items. (To in-
sure that the landfills which are watered a lot
are not too messy, do not water two days prior to
unearthing.) Carefully isolate all waste objects
from the dirt using tongs for more delicate
items. Record the properties of all objects just as
done before, putting descriptions in the column
"PROPERTIES AFTER DAYS" (filling
in how many days: "10" this time). Have each
group compare inferences with what really hap-
pened and discuss with class.

11. Before restoring landfills, pass out new copies of
record sheets, Recording Changes, to the stu-
dents so they can record inferences again, only
this time for what they think will happen to
each item in twenty more days. (Do not fill out
"INITIAL PROPERTIES" column this time.) If
their inferences this time differ from last time,
ask them why (observations under test condi-
tions giving them r---e information).

12. Have students create riddles again andcompare
with ones they did last time. Put waste items
carefully back in container. Holding newspaper
at each end pour dirt on bottom, then put items
back, then more dirt if called for. Fol .ow initial
test condition inati actions. Store m:.ni-landfills
and records with riddles.

13. After Os enty days have passed repeat procedure
described in Step 10, only use the second set of
record sheets with only "WHAT YOU THINK

0.1.1.1

WILL HAPPEN" inferences recorded. Write a
number 30 in the "DAYS" blank of the "PROP-
ERTIES AFTER" column. Describe properties
again and make new riddles. Store and do one
more time if you wish, this time allowing as
many days as you like to pass before examining
contents again (preferably several months).
Make sure to have students record descriptions
in "PROPERTIES AFTER" column following
their last unearthing.

EVALUATING THE EXPERIMENT

14. Have each group gather all their data and dis-
cuss in class the comparisons of the final de-
scriptions tin "PROPERTIES AFTER" column
of the last record sheets used) with the initial
descriptions of the waste items (in "INITIAL
PROPERTIES" column of first record sheets).
Discuss the concept of biodegradation. Ask why
some items decomposed faster than others.
What was responsible for decomposing the vege-
table scraps? Have each group create a conclu-
sion for the rate of decomposition of each item.
(Lettuce will decompose very quickly because it
is an organic material that bacteria will attack.
Glass bottles do not seem to decay at all because
they are made of hard materials which bacteria
cannot attack easily. Paper will eventually de-
cay because it breaks up easily when exposed to
environmental conditions of rain and soil pres-
sure.)

15. Discuss the hypotheses and whether these were
confirmed or disproved. Based on conclusions,
decide what type of landfill environment is best
for biodegrading waste. Also, compare the
"open dump" simulation with the landfill simu-
lations. (Waste may have biodegraded faster or
at the same rate in the open dump, so ask class
w1:: we cover waste. It smells bad, looks bad, at-
tracts pests which can spread disease.)

16. Discuss ways that landfill space can be saved:
separate recyclables and take them to a recy-
cling center; compact or shred waste before tak-
ing it to the landfill.

Evaluation Give each group the hand-
out, How Long to Biodegrade? Based on what they
have learned from their experiments, have them
complete this. Discuss answers.
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DECOMPOSITION CONDITIONS
RECORDING CHANGES

MINI-LANDFILL OBJECTS

1Vhfi (film 11 portmtift of Natural itemwrctt.
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DECOMPOSITION CONDITIONS
HOW LONG TO BIODEGRADE?

nireetienx: Rank the objects below, from the object which will decay the soonest to the object which will
take the longest to decay. The approximate time it takes for the items to biodegrade, when left in the
environment, is listed to the right of each answer space.)

Oittects: piece of paper, aluminum can, piece of lettuce, unpainted wooden fence post,
plastic bottle, cotton rag, glass bottle, painted wooden fence post, tin can.

WASTE OBJECTS ESTIMATED TIME TO DECAY

(1-2 weeks)

(2-4 weeks)

(1-5 months)

(1-4 years)

i10-13 years)

(1.00 years)

(200-500 years)

,500-1,000 years or more

(over 2,000 years)

19f4t4 Ohul lkpartment ter Nnturs; greourrth
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THE ALIEN LITTER CHAPTER 1

IN 1

Objectives Students will be able to: (1)
distinguish natural waste from human-made
waste; (2) explain differences in effect upon the en-
vironment of the two categories of waste. Students
will improve their ability to rampart and contrast.

Method Students cooperate with others to
record in formation about the effects of waste materi-
als on living organisms in outdoor areas. They share
observations with others. They read passages in a
handout to identify the main idea ofa paragraph.

Duration: will vary over a period of two to
four weeks

Setting: classroom, schoolyard

Subjects: Science, Language Arts

Curriculum Reference: 3.1

Preparation For each pair of students
have the following: pencils, clipboard or portable
surface to write on, hand lenses. Prepare a plot of
ground, preferably a grassy area close to a woods.
Rope off the space 10' x 10' or larger and put an

11.

abundance of different types of litter in the area (pa-
per products, cellophane candy wrappers, cardboard
pieces or box, pieces of metal and wood, glass bottles,
aluminum cans, plastic bottles, organic food re-
mains such as orange rinds and apple cures). Do this
one week prior to initiating the activity in class, ex-
cept for the organic items; distribute these two days
prior. Try to weigh items down or wedge them so
they won't blow away. You could also create several
smaller plots in different places. To insure success of
the' activity your plot(s) need to have signs of life
(plant or animal) around them. Depending on the en-
vironment one week may not be long enough to in-
sure this. Because there is a follow-up observation in
the activity, you could have students observe the
plot once when there are few signs of life, and send
students out again for the follow-up observation
when you notice further signs of life. Before starting
the activity, introduce the concept of habitat to stu-
dents.

Vocabulary habitat, human-made, nat-
ural

Handouts Litter in Nature (in two
pages); What's the Rig Idea?

Procedures
1. Discuss litter and differences between human-

made litter and "natural litter." ("Natural lit-
ter," in the context of this activity, refers to
natural objects littered by people.) The activity,
NATURAL RESOURCES AND WASTE MA-
TERIALS, in this chapter is helpful for under-
standing this distinction.

2. Pass out hand lenses and the handout sheets,
Litter In Nature. Have students work in pairs to
complete the worksheets. Each group of part-
ners can take tune; during the course of the day
(or week) going out and inspecting the plot. If
there is a lot of space on the school property and
many areas with litter, you might devise a way
to take the whole class out at once, designating
different littered places for the students togo, or
you might arrange several smaller plots of litter
ahead of time in various places in the school
yard. students to put every(" ing back as
they found it (you can initiate cleanup later, if
you wish).

tclelttl (bts Department of Natural KetiOUTCVS. swarm lands Campbell, Cams* Elementary iCulumbuti. Ob)
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THE ALIEN LITTER

3. Discuss the handouts after all groups have coin.
pitied them. Explain the concept of habitat. and
have students describe the habitat where they
found animals living in the littered plot. Ask
i4udents if human-made objects or natural ob-
jects appear to be more of a threat to life in a
habitat? Why? Discuss which items in the plot
can be recycled and why they should ht' recy,
clod.

4. nave :-tutletits complete the handout, What's
the Big Idea?

Do the assignment again in another week or
two. and have' students record their observa
tams On new copies of the handout. Have them
compare hantitnits and describe change's over
time.

ro

Evaluation iWrite the name of uric
human-made object and one natural object. em the
board (think of objects not part of the activity. Have
each student explain in writing what effect each ob
ject might have on the environment. To do this they
will make inferences based on observations and in-
formatim recorded and discussed in the activity.
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THE ALIEN LITTER
LITTER IN NATURE

Directions: Find some human-made litter. Using your hand lens, closely observe the area around it. Re-
cord your observations.

1. Describe the human-made litter you want to investigate (2 or 3 objects).

2. Investigate these objects. Look for and describe tiny animals or plants by the human-made litter.
Are there any signs of animals having been around the litter: paw prints, gnawed edges, spider
webs? Describe the signs. Will the litter harm the animals or plants in any way?

19004 Ohin Dwpartmrnt of Natural Reaturres
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THE ALIEN LITTER
LITTER IN NATURE

Directions: Find some natural litter and make observations as you did on the first sheet,

3. Describe the natural litter you want to investigate (2 or 3 objects).

4. Look for and describe any tiny animals or plants by the natural litter. Are there signs of animals?
Will the natural litter harm the plants or animals in any way?

14+rik (thut I)rportmr111 Nat Ert 144..,,t,ti7-.
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THE. ALIEN LITTER
"WHAT'S THE BIG IDEA?"

Directions: Read the fbilowing paragraphs. Then choose the sentence in each para-
graph that is the main idea, and write it above the paragraph.

I. Litter consists of human-made materials and natural materials which are dis-
carded improperly. Frequently after a picnic, people leave fbod scraps and paper
products lying around. Sometimes when people finish drinking a can of pop,
rather than carrying it with them to a trash container, they throw it down. Driv-
ers who smoke often throw their cigarettes out of car windows. People also might
let a material blow away or foll of a truck and not pick it up.

2. Fallen leaves can be a home for many insects and little animals. A rotten log
provides a habitat for a variety of little critters, bcih inside and below the log.
Fallen leaves, twigs and grass clippings which remain on the ground provide ma-
terials to become soil and to help soil hold moisture. Natural litter is made of
leaves, twigs and other once living objects which accumulate naturally and are
useful to nature in some kv.a y.

People should sort through their trash and recycle papci, bottles and cans. When
we recycle these items. we are conserving resources such as trees, sand, iron ore
and bauxite. Also, people could buy recycled or recyclable items and not purchase
overpackaged products. All of us could think of ways to reuse some things we
throw away. We need to encourage others to recycle. We have a lot, of power to help
conserve our natural resources.

JOSS Mu, ihp.trttrurit 411 Natural itchuurtr.
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PEOPLE AND WASTE CHAPTER 2
Waste at Home, School and Work

Waste material can be found .:nywhere people live,
work and play. The most common types of waste we
generate fall into four categories: residential waste,
commerciallinstitutional waste, industrial wash and
agricultural wash.

Residential waste includes a variety of items gener-
ated in the home. Food scraps and all sorts of con-
tainers and packaging, including metal. glass,
plastic and paper items, are generated in the
kitchen. In the garage or workshop, waste comes
from automotive, decorating, building and garden-
ing supplies. In the bathroom and ball closet, waste
comes from cosmetics, medical products, laundry
and house cleaning supplies. Many of these items
contain hazardous substances and should be han-
dled and disposed of carefully. Residential waste also
includes grass clippings, leaves, and tree and shrub
trimmings from homes as well as waste items that
are collected from parks, sidewalks and roads in
communities. Many of these waste materials are
seasonal.

People at work and students at school produce differ-
ent kinds of waste.' Commercialiinstitutional waste
is generated in such places as offices, stores, schools,
hospitals, laboratories, construction sites, loading/
unloading operations, gas stations. and power
plants. Some wastes generated at these places, such
as hospital waste, may be contaminated with harm-
ful substances or disease-causing agents. Institu-
tional waste can be peculiar in nature, for example,
the Federal Reserve Bank collects millions of worn-
out, one-dollar bills every day as waste. Post offices
contribute tons of junk and dead-letter mail to the
waste system; libraries discard a lot of old books.

Industrial workplaces often generate large quanti-
ties of hazardous waste and reuseable wastes such
as sawdust and steel trimmings. The food industry
(including dairy, sugar, and canning plants) gener-
ates large volumes of solid waste. Some of these
wastes pose difficult disposal problems and require
inventive reuse and recycling applications. For in-
stance, scrap sugar cane cannot be incinerated, so it
is used to make building materials and paper. Re-
mains from canning fruit are too wet to incinerate
and take a long time to stabilize in landfills, so they
are often composted or used in making particular

products. Peach pits, for example, are used in mak-
ing sandpaper.

Agricultural practices generate more wastes than
residential, commercial and industrial sources com-
bined (excepting mining wastes). These wastes in-
clude manure, prunings, harvesting residues,
carcasses, greenhouse wastes, pesticide and herbi-
cide residues and containers. Fortunately, many of
these wastes are recycled or reused. For example,
manure is used as fertilizer and wheat stalks are cut
and baled for animal bedding.

The wastes from mining industries are usually con-
sidered in a separate category from other industries
because mining efforts produce almost twice the
amount of waste as all other sources combined. Most
ores contain a very small amount of the product to
be recovered (usually less than UM ), leaving 9O of
the mined material to be discarded.

Different types of residential communities may gen-
erate waste reflective of special features of the com-
munity. Rural areas where farming exists, generate
agricultural wastes and old farm equipment not
found in urban communities. In urban areas, more
industrial waste is generated than usually created
in rural areas.

Utter and Littering

Waste materials. before they can be recycled or dis-
posed of properly, must first of all be contained.
Waste that is not contained properly is called litter.
Litter is misplaced human-generated solid waste
that results from direct action (throwing a can on
the roadside) and indirect action (failing to secure
trash can lids tightly).

Delioerate littering is an improper form of waste dis-
posal similar to the illegal dumping of waste materi-
als. In both cases, harm may be done to the
environment in one or more ways including aes-
thetic degradation, injury to wildlife and threats to
human health, Illegal dumping may be considered a
behavioral extension of littering. Young children
who learn the consequences of littering and how to
avoid it may be inhibited from creating more dam-
age when they are older and make choices of how to
dispose of larger volumes of waste.

'Much of the information which follows in this section has been taken from James Marshall, Going tr, Waste: When, Will All The Garbage
Go?iCoward. McCann & Geoghegan. 1972).
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Background Information

The environmental impact of litter depends on the
nature of littered items and on the' characteristics of
the land or water where they are' deposited. Organic
food matter may not be harmful v:hen left in a natu-
ral environment. in small amounts because it be-
comes a part of nature's own recycling system. Food
waste on city streets, however, can be aesthetically
degrading and a hazard to health. Human-made ma-
terials such as plastic, glass and aluminum when lit-
tered anywhere stn human or natural environments,
always have an adverse environmental impact.
These objects may become the home for disease-
spreading insects such as flies and mosquitoes. They
can cause external injury to animals ur, if acciden-
tally ingested, cause starvation or suilbcatinn.

Litter comes from many sources. The Keep America
Beautiful organization conducted research and idyll
tiled seven sources for almost all litter. The' seven
sources are:

1. Household refuse putouts: Improperly covered
household trash cans are a source of litter as is
waste contained in plastic or paper bags. Ani-
mals or people can knock over cans and open
bags, and wind can blow trash from open cans.

2. Commercial refuse putouts: Stores and busi,
nesses generate large amounts of waste. If' gar.
bage cans and dumpsters do not have
tight-closing lids, or in some' cases locks, animals,
people and wind can cause littering.

3. Construction/demolition sites: Scrap building
materials can he blown or carried away from eon
struction or demolition work areas and become
litter if fences are not put around the site and
containers with lids are not used.

4. Uncovered vehicles: Materials can fall or blow
from trucks or trailers creating serious hazards
for other motorists, as well as litter. Loads should
be tied down or covered with a tarp.

5. Loading docks: The constant loading and unload-
ing of vehicles can produce all kinds of debris.
Storage bins and dumpsters should always be
kept closed to prevent materials from being
blown about or scattered by animals.

6. Motorists: Materials of many kinds are often
thrown from cars. Car litter bags and trash cans
placed at parks, rest areas, gas stations and fast
food stores help reduce this litter.

34

7. Pedestrians: Wasw is often dropped or thrown on
the ground by people on fiwt. Containers along.
sidewalks sind in ll'Creat ion areas provide an op-
portunity to avoid littering.

It is estimated that 801' ; of all litter comes from the
first five sources named above. Responsible solid
waste management practice's by home' and business
owners, waste haulers, industries and builders are
necessary !Or litter prevention.

One problem with litter is that it is seldom confined
at its source'. Some litter move's by wind, water, ani-
mals and human traffic. Wind moves litter across
smooth surfaces such as roadways and fields. Rain
and running water carry litter from one location to
another, until it is trapped. Exposed refuse can he
picked up and carried off by dov. cats and other ani-
mals. The movement of fret all,4 cars transports lit-
ter. Urban litter eventually becomes trapped at such
locations as:

vacant fields
fences and wall bases
strips between roadways and sidewalks
grassy areas
embankments
catch basins

Litter and the Law

Littering and improper waste disposal create eye-
sores. and health and safety hazards. Legal Meal-
s res have' been adopted to prevent improper
containment and improper disposal practice's. In
Ohio, littering is a serious offense which is punish-
able by a fine of up to $500 and 60 days in jail. Law
enforcement officers can issue tickets for casual lit-
tering from motor vehicles as they do for traffic vio-
lations such as speeding. In addition, the' driver of a
motor vehicle can be held responsible for litter dis-
carded onto the roadway by passengers.

It is also illegal in Ohio to drive or move a vehicle on
any highway with a load that is not secure. The law
requires a covering on loads that can spill or drop lit-
ter on the roadway. Exceptions to this law include a
farm vehicle used to transport agricultural products
and a rubbish vehicle in the process of acquiring its
load.

Illegal dumping is a serious aspect, of littering.
Dumping waste on private or public land or water-
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Background Information

ways is prohibited. Citizenstihould use licensed dis-
posal facilities and insist that ha...ers who contract
to dispose of trash use legal disposal methods.

Keeping America Beautiful

Keep America Beautiful. lnc. (K.:U.3) was founded in
1953 as a national. nonprofit. public service organi
zation. Its mission is to sustain a national movement
to reduce and prevent littering through better solid
waste management. Tht, Clean CoMtntinity System
(C('S) of K AB uses a four pronged approach to

change wasteful behaviors: develop a unified. up-
dated set of ordinances; use appropriate sanitation
techniques; initiate ongoing public education; and
conduct cisistent enforcement of new ordinances.
Ibis approach applies techniques of behavioral sci-
ence to encourage change in personal attitudes
about handling solid waste. It focuses on people's at-
titudes and habits as the cause of litter:

There are currentl 471) certified C lean Community
System tit and fir enmities in the United States,
Ohio has 34 NAB System communities.

'lb become involved in the program. a community must contact KAB for information and make an application for certification aS Si KAB
community. This requires local leaders to gain support from key local officials.
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IT ALL BEGINS AT HOME CHAPTER 2

purs\E\101.

Objectives Students will be able to: (1)
describe types of waste generated by a household; (2)
make inferences about quantities of household waste
generated over a period of time; (3) reason why spe-
cific waste objects are found in different rooms of a
house; (4) explain why different members of a family
generate different types of waste. Students will im-
prove observation and creative abilities.

Method Students manipulate materials and
Him! direions to construct a booklet which depicts
household waste objects in various rooms of a home.
They bring a waste object from home and explain its
source.

Duration: two to four periods over two days

Setting: classroom and home

Subjects: Social Studies, Arts and Crafts,
Math

Curriculum Reference: 5.1

Preparation construction paper, one-
hole punch, yarn, scissors, glue, crayons

Vocabulary dassifv, garbage, hazard-
ous, litter, trash

Handouts Rooms People Lire In; Ilbste
at Home

Procedures
1 Help students make a booklet. The following is

one suggested way; a. Give each student two
sheets of construction paper and direct them to
fold each piece in half and then insert one sheet
into the other. b. With a single hole punch
make a semicircle hole 2" from top and another
2" from the bottom into the creases in the folds
(this will make a complete circle punched into
the paper when booklet is opened). c. Use a
piece of yarn to tie the two sections together.

2. Write the following list of rooms of a home on
the board: living room, dining room, kitchen,
bedroom, bathroom and basement.

3. Give each student the handout, Rooms People
Live in, and have them cut out the six pictures.
Identify each room. If students are able, have
them write the name of the rooms at the top of
the inside pages of the booklet, one room on
each page. Make sure they write the names of
the rooms :* the very top of the pages.

4. Leaving the front cover page of the book blank,
direct students to glue one picture on each in-
side page (to match with the name of the room
already written on the page, if done so).

5. Pass out the handout, Waste at Home. Have stu-
dents cut out the twelve objects, and instruct
them to glue the objects on the appropriate
pages of rooms where they think the. objects are
likely to be found. Draw their attention to the
size of each page and that it would be difficult to
get more than two objects on a page, but empha-
size to students that they are to use their own
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IT ALL BEGINS AT HOME

judgment and that there are many possible an-
ewers. You may also want to instruct students to
decide where they are going to place all twelve
pictures before they glue them.

6. After pictures have been glued onto the pages of
the booklet, have students make designs on
front and back covers including pictures of their
house or apartment, home garbage can, etc.
They can put their name on front or back cover
as well.

7. Have students present their booklets to the
class telling why they put specific items where
they did.

8. Discuss the distinction between garbage (grape-
fruit rind) and trash (non-putrescible items).
Discuss which throw-away items in the booklet
might be reused or saved and recycled. Discuss
the hazardous nature of some household waste
such as the paint can and aerosol insecticide
can, noting that special disposal procedures are
often ,lalled for. (If not all paint is used up, let it
dry out in open air before throwing away. If it is
oil base paint, keep away from flames. For spray
cans of insecticide, use up any remaining con-
tents. likkvel put in trash if any is left and never
crush or compact an aerosol can. If the insecti-
cide is very old, it may contain very hazardous
chemicals now banned to consumers by the gov-
ernment. Check with local health department to
L-,,e how it must be disposed.)

9. Ask students which of the items they have
pasted in their books they have also seen as lit-
ter in their community. Discuss how these items
became litter.

10. Ask students to infer what would happen if the
collection people stopped picking up the trash
from the curb or alley. Work out math problems
based on how many cans or bottles, etc. are
thrown away each week and multiply by four to
see how much would be generated in a month,
and by fifty-two to arrive at a total for the year.

11. Discuss which items in their booklets are recy-
clable. You could also have students make a
floor plan of rooms in their home and identify
all the materials in each room which can be re-
cycled. Remember, in addition to objects made of
glass, plastic, paper and alumi -'um, objects
made of copper, brass, steel and cloth can also be
recycled. Objects made of these materials could

be door knobs, plumbing pipes, electric wall
sockets, etc. In the garage items such as batter-
ies, oil and radiators can be recycled.

Evaluation Have students take their
booklets home and use them as guides to list other
items of trash that are discarded from the various
rooms of their homes. Have them bring this list to
class and discuss, including identification of recycla-
bles. For students too young to write out a list at
home, have them bring in one waste item (non-
dangerous and cllan) to share with the class. Dis-
cuss where it came from, what it was used for and in
what room of the house it was found, Discuss what
room in a house has the most trash and who in the
house makes the most trash. When giving this as-
signment, make sure students ask thel' parents if
they can do what is being requested.
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WASTE IN THE WORKPLACE CHAPTER 2

IN VERMEDIA FK

Objectives Students will be able to: (1)
mason why different types of waste are generated in
different work places; 2) hypothesize why certain
types of trash are unique to particular occupations.
Students will improve their ability to organize data.

Method Trash is collected from various oc-
cupations and brought into the classroom. Students
cooperate in groups to infrr from observations of the
collected trash what the occupation of the person is
who might have generated the trash. They complete
a handout by identifying types of waste unique to
particular occupations. Students identify recyclable
items and suggest reuses.

Duration: two or three class periods after
making preparations

-citing: classroom

Subjects: Social Studies, Math

Curriculum Reference: 5.1

Preparation Make arrangements to
pick up trash from five or more occupations (within

specific businesses) such as grocer, restaurant chef,
secretary, salesman, housewife, farmer, auto me-
chanic, retail merchant, bank teller, etc. Request
each person to put a few typical trash items they
generate in a day for perhaps in an hour or so) into a
garbage bag you may want to provide. With each
garbage bag given to a person, include smaller clear
plastic bags for organic or smelly items if there are
any. Also, ask each person to make a list of as many
items of trash he or she can think of which are gen-
erated by the entire business in a typical day. Place
to use bags of trash in class soon after you collect
them. Keep bags sealed and label with letters (A, B,
C, D, E, etc.). A scale to weigh the trash bags is use-
ful for this activity. Also, students will need writing
materials. (NOTE: Throughout this activity you will
need to define and explain different occupations.)

Vocabulary occupation, recyclable,
unique, workplace

Handout Whose Trash is Whose? (Part
One and Part Two)

Procedures
1. Define and describe the occupational areas re-

presented by the bags of waste you have col-
lected. Ask students to infer what the contents
might he of each bag based on consideration of
the occupation. Do not show contents of bag yet.
Record inferences students have made. Weigh
each trash bag and discuss whether trash can be
matched to an occupation by weight

2. Open bags of trash and leave displayed. Allow
conversation time for students to match trash
with occupations and to compare with their ini-
tial inferences.

Have students form groups, enough to have a
group for each bag of trash. Have them choose
one occupation/bag. Have each group discuss
and answer the following questions, with one
person from the group recording answers.

a. List occupation of the person whose trash
this is.

b. What kind of workplace did the trash come
from?

c. Observe the trash and list as many different
items as possible.
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WASTE IN THE WORKPLACE

d. List three articles (if possible) found in the
trash bag which are unique to this occupa-
tion.

(The word "unique" used above refers to spe-
cial waste items that are generated because
of the particular nature of the job. This does
not mean that these items could not be found
in other occupations as well, only that they
are fairly unique to the occupation in ques-
tion. In some cases, however, the trash gen-
erated may be so unique as not to be found in
other occupations.)

e. Go through the trash. List all recyclable ar-
ticles and ways other items could be reused.

4. After an allotted time period, discuss the an-
awe, s and summarize the results.

5. Ask students what other occupations might be
part of the businesses or industries where the
different bags were collected. Ask what types of
trash these other occupations might generate.
Compare their answers with lists obtained from
your contacts who supplied you with the bags of
trash.

Evaluation Give each student the hand- 41110
out, Whose Trash is Whose? (Part One), to com-
plete. The answers at the bottom will help them to
complete the worksheet. After they are finished
with Part One, give them Part Two to complete. This
time, in Part Two, draw their attention to possible
nswers at the bottom of the page but indicate that

you would like to see answers not listed at the bot-
tom, if they can think of other possible answers. This
should apply to the occupational listing category as
well as to the unique waste category. Note that no
answers are given in Part Two for the similar trash
column. MB students to try and think of six differ-
ent items to put down, in addition to the answers for
this category given in Part One. After completion,
discuss answers and ask which items could be recy-
cled on their lists. The similar trash column should
include many recyclables as this column represents
clrisumer items used by all individuals in the work-
place, often related to eating lunch or to supplies
found in most plaePq r'f business.



Directions: For each workplace mentioned at the left of the chart, list two occupations in that workplace. Then, for each occupa-
tion, name one item of trash which is fairly unique to that occupation and one item of trash which could be found in almost any-
one's trash can as well as in the trash can of the personal occupation you have just identified. (Possible answers are listed at the
bottom.)

WI
TRASH FAIRLY ITNIQUE IX i TIR: ()en TPAT1ON TRASH THAT IS GENERALLY FOUND

IN MANY OCCUPATIONS

SCUOOL

:111.
Ili211/4NNW MD

11611 IR WM=
UM! drimmi

Teacher old chalk wall PIM

Student piece of craw ingk carton

ii t 7SI NESS

I HARDWAREI

I

TRADITIONAL
RESTAURANT

POSSIBLE ANSWERS

waiter /waitress. salesman/saleswoman, product lists, chicken bones, typewriter plastic package, paper, glass pop bottle,
chef, secretary ribbon, menu list apple core



Direction: Complete, following instructions of Part 1.

TRASH FADDY UNIQUE T( ) TIIE OCCUPVIloN INASII THAT Is G ENEHALIN FOUND
IN MANY OCCUPATIONS

FACTORY

FARM

NM

FAST FOOD
RESTAURANT

POSSIBLE ANSWERS

crop duster. counter cashier, machine cooking oil, weed killer can, wooden
operator, milking hand, warehouse skids, styrofoam box, broken hay rake,
worker, cook Oil can
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MAP OUT LITTER
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Objectives Students will be able to: (1)
identify specific play 's in their environment where
litter exists; (2) hypothesize the most effective places
lin. containers. Students will improve their ability to
analyze maps.

Method Students fellow oral directions to
place litter on a map. They cut out objects and draw
pictures of environments with litter. They analyze
and explain the most effective places to put contain-
yrs. They interpret symbols on a map and locate
placement of objects using letters and numbers.

1=.1,
Duration: three class periods and possibly ex-

tra time outside the classroom
schedule

Setting: classroom. playground. community

Subject: Social Studies

Curriculum Reference: 5.1, 5.3

Preparation Belbre initiating the ac-
tivity read over the two options tfor younger stu-
dents; for older student& and decide if one or both

CHAPTER 2
WisismiNalowilaimNII111.111011WIII1

are appropriate for your class. Supplies needed are:
pencils, drawing paper and rulers.

Vocabulary container, litter, map,
symbols

Handouts The Park; Litter In The Park;
Litter Lanes

Procedures
FOR YOUNGER STUDENTS:

1. Give each student the handout, Litter In The
Park, and have them cut out the five items of
litter; either have them cut along the dotted
lines or have them cut out the object directly, de-
pending on their abilities.

2. Give students the handout, The Park, to lay be-
side the objects they just cut out. Tell students to
pretend they are litterbugs. Have them follow
these oral directions:

a. Place the paper below the sandbox.

b. Put the aluminum pop can at the right of the
rocking horse.

c. Place the glass bottle in the' pond.

d. Put the potato chip bag above the swing.

e. Place the plastic milk jug at the loft of the
tree.

Ask these questions. How does the' playground
look? What could he some' reasons why children
or adults might litter these items at a play-
ground?

3. Tell the students to cut out the two trash cans
from the handout. Litter In The' Park. Ask them
to place the trash cans anywhere! in the park
where they think people will use them and glue
the trash cans there. Ask students why they
chose to put the containers where they did. Dis-
cuss and share their pictures.

4. Give each student a sheet of drawing paper.
Take the children out to the playground at
school and have them draw a map of their play-
ground, placing the playground equipment in
its correct place. Next they should walk around
the playground and find where there is litter
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2 MAP OUT LITTER

and place an "X" at all the areas on the map
where they found litter.

5. In the classroom, discuss where students found
litter. (Help students recognize that litter is
found where people are or were at one time.)
Ask children where they would place two trash
cans on the playground; or, if there are already
trash cans on the playground, ask them if there
would be a better place for them. Conduct a
cleanup of the playground.

FOR OLDER STUDENTS:

I. Give students the handout, Litter Lanes. After
completion, discuss answers with them.

2. Have class or school club -Adopt-A-Block" or
neighborhood within a designated area of the
community. Make a classroom map of this area
and record the following:

where litter is found
how much woes picked up by the class, either
on a field trip or Mier school
where containers should be put where there
are not any now
how long area stays clean after it has been
cleaned up

This exercise could also he done using the school
playground as in the cN.ercist for younger
st udent s.

Evaluation Give each student a sheet of
drawing paper and ask them to find an area in their
neighborhood (street, park, store, etc.) that contains
litter, and draw a map of that place. Place an "s" at
spots where litter was found. Have students bring
their map to school and share it with the class. Ask
the following questions:

I. Where is this place?
2. What is in your map?
3. Tell where you found litter.

4. Is there a trash can in the area? If not, where
would you put one?
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MAP OUT LITTER
LITTER IN THE PARK
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LITTER LANES
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MAP OUT LITTER 2
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1. Name the only dead end road on the map.

2. How many recycling centers are there?

3. Draw the map symbol for litter.

4. What is at the end of Trash Lane?

5. Name the road that runs NE-SW.

6. Match the Material Street with
its Product Avenue. Draw arrows
from streets to avenues they match.

Glass St. Book Ave.

Rubber St. Can Ave.

Paper St. Jar Ave.

Aluminum St. Tire Ave.

7. Name the only litter free road.

8. Why is it litter free?

9. What is located at coordinate 74'?

10. Identify by number and letter where the two recycling centers are located.
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LITTER BY COMMUNITY CHAPTER 2

iN !CM EDIATE

Objectives Students will be able to: 01
explain why different types and amounts of litter ex-
ist in different places within communities. Students
will improve their abilities to make deductions from
information and to organize data.

Method Students read descriptions of three
types of communities and make inferences about dif-
ferent types and amounts of litter and waste in each
community by filling in a chart. Students etrperate
in groups to reassess individual inferences. Students
create a hypothesis and explain how it could be
tested.

Duration: three class periods

Setting: classroom

Subjects: Social Studies, Language Arts

Curriculum Reference: 5.1

Preparation large sheets of butcher
paper. pencils, crayons, markers

Vocabulary community. hypothesis. lit-
ter, rural, suburban, urban. waste

Handout Quantities and Comm unit ks

Procedures
1. Distribute handout, Quantities and Communi-

ties, to each student.

2. Have each student infer the diffierent amounts
and kinds of litter found in each community by
filling in the chart. lliacher may need to explain
and define key words on the chart.

3. Have students divide themselves into groups so
they can share their answers and reasoning.
Have a student distribute to each group another
copy of Quantities and communities so that
groups can fill out the chart again, this time
based on group discussion.

4. Discuss group answers, identifying plausible
answers based on reasoning from information
given at top of handout. Discuss with students
how they changed their answers based on group
discussion and hence the value of sharing infor-
mation with others.

5. Looking at the chart, distinguish various places
in each of the three communities where the
most litter is likely to he found. What types of
litter would be found there? Why?

6. Ask students where most landfills are found
(suburban or rural areas. Why? Ask which lit-
tered items on the chart could be reused or recy-
cled to save landfill space.

7. Discuss other types of waste and litter that
could have been put on the chart. Brainstorm
items somewhat unique to rural, urban or sub
urban communities te.g. large dead animals in
rural areas,.

Evaluation
1. Write the open sentence below on the hoard and

have students fill in the blanks. Tell students
the sentence is really a hypot hesis; explain
what a hypothesis is.

More is are littered in

areas than in

areas.
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LITTER BY COMMUNITY

a. Choose one item from chart.

b. Choose community type from chart or a spe-
cific place within a particular community.

c. Choose another community type from chart
or another specific place within h particular
commun ity.

2. Ask students how they _Quid test their hypothe-
sis statement. They could also write a para-
graph using the hypothesis statement as the
main idea.
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3 TYPES OF COMMUNITIES
URBAN: many people, many businesses and some factories light and heavy industry; apartments, homes

with small yards; not many trees; not a lot of open, empty spaces, some vacant lots
SUBURBAN: not as many people, some businesses (in malts especially), some factories light industry;

homes have larger yards, more bushes and trees, some small gardens; some empty open
spaces and fields

RURAL: few people, some businesses, some factories light industry; farms where cattle and crops grow; a
lot of open, empty spaces by roadsides

Directions: Fill in the chart with the number indicating how much of each type of litter you think would be
found in each community.

KEY: "1" T some, "2" = more than some, "3" = lots

PAPER CARDBOARD

GLASS

BOTTLES
PLASTIC
BOTTLES

ALUMINUM
CANS

APPLIANCES
stove &

refrigerators) FURNITURE TIRES

BRANCHES
GRASS
LEAVES

,.--

PESTICIDE

CONTAINERS

URBAN

, -

SUBURBAN

RURAL

i f .



AT THE SOURCE CHAPTER 2
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Objectives Students will be able to: (1)
identify seven sources of litter in their community;
(2) reason how littering takes place at the seven
identifiable sources. Students will improve their
abilities to observe carefully and to solve problems.

Method Students discuss littering behav-
iors after identifying their feelings about litter. They
describe sources of litter by observing illustrations
on a handout, and explain why littering happens at
these sources. They identify litter according to
sources of litter in their.own community. They initi-
ate a cleanup, if feasible, and recommend solutions
to litter problems.

Duration: two class periods with extensions
for recorded observations at home
and/or a cleanup in the community

Setting: classroom, home and/or community

Subjects: Social Studies, Language Arts

Curriculum Reference: 5.1

Preparation Before initiating the ac-
tivity read over the two options (for younger stu-
dents, for older students) and decide if one or both
are appropriate for your class. After completing the
classroom assignment you may decide to initiate a
cleanup. To do this, you will need to make the follow-
ing preparations. Write letters to the parents ex-
plaining a cleanup project, requesting their help and
informing them of the date. Make necessary ar-
rangements for a school "field trip" if the commu-
nity area to be cleaned is not the' school playground.
You may need letters to parents, field trip permis-
sion slips, garbage bags or home-made litter bags,
gloves for students if called for, parent helpers, and
transportation.

Vocabulary commercial, construction
site, demolition site, feelings, household, litter, load-
ing dock, motorist, pedestrian, refuse, source,
vehicle.

Handouts Seven Sources of Litter;
neve and How?

Procedures
FOR YOUNGER STUDENTS:

1. Introduce the subject of litter. (Litter is an ob-
ject. Littering is a behavior associated with the
improper disposal of an object.) Explain what a
"source" of something is.

2. Give students the handout, Seven Sources of
Litter, on which they are to identify their feel-
ings. Draw three types of faces on the board for
them to choose from (happy, sad, uncertain).
them to draw a face in the circle beside each pic-
ture that shows how they feel about what is hap-
pening. (Note that picture "C" should be the
only happy face.)

3. Discuss their answers and while doing so have
students describe the source of litter in each pic-
ture.

A. Household refuse putout (home garbage con-
tainers or bags left for pickup)

B. Loading dock (includes storage bins or large
dumpsters)

D. Commercial refuse putout (may include
large dumpsters)
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2 AT THE SOURCE

E. Motorist
F. Construction/Demolition site (often a large

area, sometimes with fence around to con-
tain materials)

G. Uncovered vehicle (usually trucks)
H. Pedestrian

(These seven "most frequent" sources have been
identified by: Keep America Beautiful Inc., in
their Clean Community System Research.)

4. Ask how the litter got to be where it is in each
picture. (Note: Wind and animals often carry lit-
ter from open or even closed containers, but
most often human irresponsibility is at fault.)

FOR OLDER STUDENTS:

1. Substitute source identification for making
faces. Draw the attention of students to the list
of sources (write these on the board) and have
them write the name of the source that matches
with each picture in the block below each pic-
ture.

2. In the circles beside each picture (where
younger students draw faces) have older stu-
dents rate each source of litter (excluding "C")
from most offensive (#1) to least offensive (#7).
Discuss answers asking students to give reasons
for their choices.

3. As a follow-up ask students to save this handout
and to make a record of litter and littering hab-
its in their community for the next week by
describing each observation of littering accord.
ing to one of the seven sources. They may also
identify sources not among the seven "most fre-
quent" sources listed on the handout.

4. If possible, have students take photographs of
places where litter exists, then identify them in
class according to the source depicted.

Initiate a Cleanup Before the stu-
dents begin a community cleanup project (either on
the playground or at another area), the teacher
should explain any rules that are necessary, such as,
"Parent helpers should pick up broken glass and
trash which is in the water." Students could work in
small groups with a parent helper supervising litter
collection. After the litter is collected and placed in

bags, it should be taken back to the classroom, so
students can sort out items which can be saved for
recycling. Note: During the cleanup you could have
students record the sources of litter they find, and af-
ter the cleanup have them suggest ways to keep
waste from being littered in the areas they cleaned
up.

Evaluation For younger students, dis-
play a variety of littered items (cans, paper, bottles,
candy wrappers, etc.). Have each student choose one
item and explain to the class how many ways the ob-
ject might have become litter, based on its source.
For older students, test their knowledge of the seven
sources of litter. Give them the handout, Where and
How, to complete. Grade answers.

,A.
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2 AT THE SOURCE
WHERE AND HOW?

Directions: Answer the first two questions and then read directions for answering the
next seven questions.

A. Define LITTER on the back of this page or on a separate sheet of paper.
B, Define SOURCE on the back of this page or on a separate sheet of paper.

There are seven sources of litter listed at the bottom of the page. Write one of these
seven sources in the blank space to complete each sentence below.

When products are delivered to or picked up from stores, businesses or factories,

litter is often created around a

out of a car window.

litter is created by careless people who throw trash

3. Building materials such as wood, nails, insulation, roof shingles and metal strips

are often found as litter close to a

4. When lids are not tight, the wind can blow trash, which becomes litter, from

put out in front of houses.

5. Objects can fall out of a truck or blow off a truck if it is an

walk along road or sidewalk.

litter is caused by people who drop trash as they

7. When businesses fail to dispose of their trash so that it escapes from containers or

is not properly put in containers, this source of litter is called a

source.

motorist pedestrian construction site commercial

household containers

I7

loading dock uncovered vehicle
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TIME TO CELEBRATE! BUT WAIT! CHAPTER 2

111111111MININCENIIIIMIMIll

Objectives Students will be able to de-
scribe litter problems created by special events and
to propose solutions to these problems. Students will
improve their ability to write descriptively.

Method Students discuss pictures of special
events and possible litter problems associated with
them. They read an article and answer questions by
identifying descriptive words and phrases in the ar-
ticle. They write their own newspaper article. They
make iiifrrences about possible litter problems by ob-
serving pictures of special events.

Duration: two to four class periods

Setting: classroom.

Subjects: Social Studies, Language Arts

Curriculum Reference: 5.1

Preparation newspapers and maga-
zines with articles of celel-s-ations and events; if pos-
sible, pictures of crowds or after crowds have left and
pictures of cleanup crews at work after a special
event

Vocabulary litter, special events

Handout Litter News

Procedures
1. By use of pictures from m.tgazines or newspa-

pers stimulate students to discuss litter which is
often left behind after large celebrations and
special events.

2. Have students read and complete the handout,
Litter News.

3. Instruct students to write their own news arti-
cle either about an imaginary special event
with an ensuing litter problem, or if possible,
about an event they remember having been to
themselves. Make sure they tell who, what and
where in the article; use descriptive words; cre-
ate a headline; propose ways (through use of
quotes from the mayor or person in charge of the
cleanup) that the' litter problem might be
avoided in the future at this event.

4. students to collect articles about litter prob-
lems and bring them into class for a month. Post
on bulletin board and discuss.

Evaluation Have each student. find a
picture of a special event in a newspaper or maga-
zinc and infer what types of litter might be gener-
ated by the event and the cleanup problems created;
or, answer each question below in two or three sen-
tences.

I. What are some problems caused by litter left af-
ter an event?

2. How can we h?lp redme the amount of litter at
special events?
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TIME TO CELEBRATE! BUT WAIT!
LITTER NEWS

PARTY LEAVES TRASH COLLECTORS WITH HANGOVER
CINCINNATI (UPI) August 26, 1986 It was quite a party and quite

a hangover for trash collectors.
Mountains of trash littered the Ohio River shoreline Monday in the

wake of Cincinnati's annual fireworks display Sunday night that at-
tracted 300,000 peop3e.

"There's a lot of debris all over the downtown area," said Pete
Edelmayer, assistant, supervisor of the city's street cleaning crew.

I've had four mechanical sweepers in the downtown area since 4 a.m.
and I'm putting hand crews on to clean up the sidewalks," he added.

Police officials were phased with the relative lack of problems from the
throng of 300,000 that jammed the riverfront area to watch the city's an-
nual late-summer fireworks display.

Although there were the usual traffic jams and minor accidents, there
were no major incidents.

Directions: Answer the following questions referring to the article above.

1. What terms are used to describe the litter problem?

a.

C.

2. What words tell us where the litter was?

a.

C.

3. What caused the litter? (What event?)

4. How many people caused the litter?

5. The litter was cleaned from the area by

a. b.

6. On the back of this sheet, suggest ways to prevent this litter problem in the futurc
at this event.

b.
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Chapter 3

Nature's Way With Waste
=nk



NATURE'S WAY WITH WASTE

Nature's Recycling System

An often forgotten fact of nature is that the survival
of all plants and animals depends on tiny microorga-
nisms which feed upon the wastes of living things
and upon organisms when they die. These microor-
ganisms are called decomposem and are par. of ev-
ery fo.,3 chain. They include different types of
microscopic bacteria and various fisngi sib+ as
molds, mushrooms and mildews.' Decomposers are
found everywhere but are most plentiful in soil. A
single tablespoon of good top soil may contain up to
four billion bact43,"... Bacteria are essential to life
because they renew nutrients to the soil as they
break down waste. Soil rich in nuts Tents from the
breakdown of organic materials by bacteria and
fungi i:: called humus. The matter left behind by bac-
teria also gives soil a texture necessary to retain
proper amounts of water.

Decomposers are not the only organisms at work
breaking down waste and dead matter. In fact, often
before decomposers can do their work, waste matter
must be broken down by larger organisms called
scavengers. Scavengers include insects (beetles,
ants, termites), water creatures (snails, fish), birds
(vultures, crows, sea gulls) and mammals (raccoons,
rats, bears). Large scavengers (vultures, hyenas,
rats) work on bulk waste such as carcasses. Small
scavengers (it%,ects, centipedes, slugs, snails, earth-
worms) work on bulk waste and smaller bits of de-
caying plant and animal matter, breaking them
down into tiny pieces for the decomposers to work
on.

&avengers also prepare food for decomposers in an-
other way. They consume living or dead matter and
metabolize it leaving behind excrement or dung on
which bacteria feed. As the bacteria feed on waste,
insteat1 of excreting dung, they leave behind chemi-
cal compounds which are nutrients that green
plants can absorb. 'lbgether, scavengers and decom-
posers act as nature's sanitation crew and as
recyclers.

CHAPTER 3
Composting as a Form of Recycling and Waste
Management

The breakdown of waste matter is very important
because it enables the creation of humus in top soil.
Human beings can assist nature's recycling process
for renewing texture and nutrients to the soil by
creating humus in the form of compost. Compost is
made by combining food waste, yard waste, manure
or fertilizer and other types of biodegradable gar-
bage, and exposing them to air and water. Under
these conditions, bacteria break down the waste
matter efficiently. The resulting compost can then
be added to soil to enrich it and improve its texture.'

There are two forms of composting, distinguished by
two types of bacteria which break down waste: aero-
bic and anaerobic bacteria. Anaerobic composting
(or anaerobic digestion) relies on anaerobic bacteria
to decompose organic wastes. Anaerobic bacteria
thrive on little or no oxygen and are used in treating
sewage sludges and in making a semi-solid slurry
for composting. Anaerobic composting gives off pun-
gent odors and so is unpopular. Its advantages are
that it does not require space fn. aeration as does
aerobic composting and it prodoces more nitrogen
than aerobic composting."

The type of composting explored here is aerobic com-
posting which relies on aerobic bacteria. Aerobic
composting requires oxygen and does not have the
unpleasant odors associated Ivith anaerobic com-
posting. However, if aerobic compost piles are not
properly aerated or ventilated, or receive too much
moisture, anaerobic bacteria will appear, causing a
foul smell and creating acids. A similar process hap-
pens in sanitary landfills. Since garbage at a sani-
tary landfill is compacted and covered with earth
each day, aerobic bacteria soon die, while anaerobic
bacteria begin multiplying, leading to the produc-
tion of acids and carbon dioxide.

Aerobic composting, which is what is meant when-
ever the word composting is used in the rest of this

'Bacteria are single celled organisms; fungi are nongree a plants which are incapable of photos. ethesis, thus they, like bacteria, must feed
on organic matter. Bacteria can be helpful and harmful. Their helpful function as nature's myclers will be explored in this chapter, how-
ever, some bacteria cause diseases in plants and animals. Pneumonia is caused by a bacterium. Fungi, also like bacteria. can be helpful
and harmful. Some types of fungus are used to make antibiotics such as penicillin, yet another type causes athlute's foot.

'Composting is a biological system of recycling in contrast to physical or chemical systems found in the recycling of humanmade products
such as glass, plastic and aluminum Other biological methods of waste recycling include the spreading of wastewater sludges on the land
and the production of ethanol from cellulosic wastes.

"Clarence G. Golueke, Biological Reclamation of Solid Wastes (Rodale, 1077), p.5
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Background Information

chapter, is the only biological method of solid waste
treatment that is widely used. It is usually done on a
small scale in backyards or farmers' gardens. How-
ever, large-scale applications of the composting
process are gaining popularity among waste man-
agement experts, because it is estimated that as
much as 30-40% of the waste stream contains
compostables. Composting could therefore reduce
landfill volume at the same time it produces an
end product of value to gardeners, farmers and
landscapers.

For large-scale composting endeavors, compostable
materials can either be separated from other trash
at a source point (household, restaurant) or sepa-
rated at refuse collection centers. Then the materi-
als ferment and decompose at facilities that use
special processes and techniques. One popular tech-
nique is to make compost in large open spaces where
machines moisten and aerate rows of compost. Odors
and dust which may result can be controlled by de-
odorizing with air misters, by spraying chemicals
like hydrogen peroxide on the compost and by in-
creasing aeration.

The Requirements of Composting

Composting is the work of decomposers (bacteria
and fungi), often aided by tiny scavengers such as in-
sects, mites and especially earthworms." lb explain
how composting works is really to explain how de-
composer plants and animals meet their needs and
multiply depending upon different environmental
conditions. The needs of aerobic bacteria, fungi and
small organisms at work in a compost pile are as fol-
lows:

OXYGEN needed by most plants and animals to
live. Oxygen is increased in compost by
turning the pile occasionally or by
aerating it.

MOISTURE needed by bacteria to carry on ri.e-
tabolism or the breaking down of
matter. Compost piles should be wa-
tered so they are like a wrung-out
sponge.

ENERGY SOURCE needed by all living organ-
isms to survive and carry on

life processes. In compost,
energy is provided in the
form of garbage which con-
tains carbon compounds
such as simple sugars, cellu-
lose and lignin.

NUTRIENTS represented by a variety of miner-
als and vitamins needed in varying
amounts by different organisms.
Vitamins can be found in most
plant and animal tissue while ma-
nure or fertilizers are rich in nitro-
gen and other elements needed by
plants.°

When these needs are supplied by their environ-
ment, bacteria begin to multiply, giving off heat as a
product of bacterial metabolism.

Heat then becoms an important variable for the ex-
istence of different types of bacteria. When a com-
post pile is first formed, it starts out cool which
enhances the reproduction of bacteria known as
PSYCHROPHILES. They multiply in temperatures
from 30 °to 50°F. As the temperature increases to
'000 up to 100 another type of bacteria start to
multiply, the MESOPHILES. As the temperature
reaches anywhere from 100° to 160°F, bacteria
called THERMOPHILES begin to reproduce. Ther-
mophilic bacteria, at a temperature of about 140°F,
begin to kill disease-causing microbes (pathogens)
by producing organic compounds known as antibiot-
ics. The temperature of a compost pile will generally
stabilize at about 158' for three to five days and
then drop down to a range where mesophiles take
over again.

Bacteria are not the only organisms at work in a
coin! 3t pile. Fungi clean up after bacteria consum-
ing wnat they leave behind, including tougher mat-
ter such as the remaining cellulose, starches and
lignin. It is fungi that usually break down paper, a
human-made product more durable than most food
garbage. Another decomposer often found in com-
post is the actinomycete, a type of bacterium resem-
bling grey cobwebs, which gives the compost an
earthy smell.

'Bioeyele. "Accelerated C3-Composting of Refuse and Sludge." March, 1985, pp. 42-43.
'Earthworms are important (sometimes people even add a hybrid variety to their compost) because they pass organic matter and bacteria
through their bodies leaving behind granules rich in plant nutrients.

'Stu Campbell, Let It Rot! (Pownal, Vermont: Garden Way Publishing. 1975.) Much of the general information about composting in the rest
of this chapter has been taken firm this source and is reprinted by permission of the publisher.
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Making Compost

lb insure a variety of nutrients and a good consis-
tency to compost, a general rule is to add as many
different organic items to your pile as possible. A
few precautions shank.; be taken, as some items can
create undesirable conditions. These variables and
others will be discussed in sections which follow. Ir
this section the basics of building a compost pile will
be examined.

Compost is mo.,t, often built up outdoors in a pile and
often some type of support structure for the pile is
used, but extra support is not necessary. Composting
can also be done in garbage cans kept in a garage or
basement, or in a large tub or aquarium kept in the
classroom for observation. Regardless of where and
in what you construct your compost pile, the general
rule of thumb for building the compost heap is as
follows:

1. Mix the variety of vegetable matter you have col-
lected as thoroughly as possible, chopping it into lit-
tle pieces.

2. Obtain manure (or fertilizer) and animal remains
if you have them. Chop animal remains into little
pieces. (Avoid using animal fat or grease.)

3. At the bottom of your compost heap create a struc-
ture to allow water to drain and to allow a bit of air
in. If building outdoors, this could be accomplished
with a layer of gravel and/or brush that has not been
chopped up. If using a garbage can, drill holes in the
bottom, layer the bottom with coarse material and
set the can on blocks with drain pans beneath. If us-
ing an aquarium. place a layer of finely crushed
limestone (which neutralizes acid) with coarse mate-
rial in the bottom.

4. Begin with a layer of vegetable matter, followed
by a second layer of different vegetable matter if yoi.1
wish. Then put on a layer of animal matter (manure
is best, or fertilizer). Then cover with a thin layer of
soil. You may want te, put on a sprinkling of lime or
put limestone on the soil to neutralize acids which
may develop.

5. Dampen these layers with water and repeat the
process of layering as designated in Step 4 above.
You can build as many of these layered sections as
you wish. (If building outside, a good rule is to keep

any one layer of materiel to 6" or less; if building
indoors in small containers, layers of 1" or 2" will
suffice.)

6. If building outdoors, make the pile somewhere be-
tween 4-6 feet in height. If making in a garbage can
or aquarium, fill to the top.

7. If making a pile outdoors, cover the entire pile
with a layer of soil or straw or sod to keep flies out.

8. Make sure to ventilate the pile. If compost is out-
doors or in a garbage can, a section of perforated
pipe could be inserted into the center. If using an
aquarium, put a small piece of wood or cloth under
the cover at the corners to lift the top up. If you have
a wooden top of plywood you could drill holes in it.
You could also poke holes into the pile and stick
straw or a cornstalk into the holes. After initially
sitting for a week or so, start turning the pile about
every week to allow air to get in.

When is compost ready?

There are several indicators to look for to tell if com-
post is ready and if it is of good quality. Generally,
the process takes about 4-6 months; if temperatures
are higher, as in summer, it may take less time. In
winter months outdoors, it could take longer. The ob-
servations and measurements used to check on fin-
ished compost are listed below:

CONSISTENCY: should be crumbly and fluffy. not
sticky or stringy

COLOR: dark in color, but not black which could in-
dicate too much moisture and acid in the
compost

SMELL: sweet and earthy, not moldy or rotten

TEMPERATURE: should be that of surren tiding
temperature having cor e down
from higher levels of about 150°
or so

It is always better to use compost which is not quite
finished rather than over-done compost which is
dried out.

Apply compost at anytime in any amount. Just
spread it on top of the soil or work into the soil. Gen-
erally, compost is added to soil it +ile fall or in the
spring one month before plenting.
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Remember, compost does not contain everything a
plant needs. It could be lacking in some essential nu-
trients such as phosphorous, so you may want to add
a commercial fertilizer to the soil along with your
compost.

Variables and Experimenting

Many variables ca.. he considered in the creatica of
compost. The basic variables are moisture. air and
heat. Another important variable is the type of or-
ganic material put in the compost. Additional varia-
bles include acidity level and the carbon/nitrogen
balance. Each of these factors will be considered in-
dividually below.

MOISTURE allows organic matter to be broken
down more easily by bacteria. Water the pile and/
or add green matter instead of drier materials if
the pile is too dry. much moisture, however.
can lead to a restriction of air and cause anaerobic
bacteria to multiply. Moisture content of the ma-
terial in the pile shout.' be about 40-60C; (like a
wrung-out sponge). Use rain water because it
picks up a lot of oxygen, minerals and microorga-
nisms or tap water which has been set out for sev
eral days so that chemicals harmful to bacteria
can evaporate.

OXYGEN allows aerobic bacteria to survive; too
much air may cool the pile down, but not enough
oxygen inhibits decay. Turning the pile will gen-
erally allow it to heat up. Why? Because oxygen
allows bacteria to work and they in turn generate
heat. 'lb keep the pile at maximum heat capacity,
turn it whenever the temperature gets below
104°F. If a bluish-grey mold appears (indicating
anaerobic conditions) turn the pile right away.

HEAT is important because it destroys pathogenic
organisms, weed seeds and insect larvae. For at
least a short period of time the temperature of the
pile should be around 150'. This may be difficult
to achieve if your pile is not at least a cubic yard
in size so it will self-insulate.

THE FORM OF ORGANIC MATTER often causes
different things to happen in your pile. Make sure
to chop and grind waste matter to make it decay
faster, especially in the case of items such as broc-
coli stems, corn stalks, wet leaves and sticks.
Chopping helps break down cell walls made of cel-
lulose, which are difficult for bacteria to work on.
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Be careful not to make a tine mixture or you may
create a page-like barrier against water and air.
If you blend kitchen garbage into a slurry, spread
it out over the pile evenly. One rule of thumb r-
garding materials is to include two parts vegeta-
ble matter to one' part animal matter. AVOID
grease. oil and animal fat. These are hard to
break down and will attract flies and vermin. A
few suggestions of the many different items you
could use are as follows:

Animal Matter dead fish or fish cleanings, dead
birds, manure, bones, scraps, feathers, leather
dust, wool rags. (These items will add nitrogen
and/or phosphorous to your compost.) Manure is
especially important and can be used instead of
any other animal matter to supply nitrogen.

Vegetable Matter -- beet tops, bro,:coli and cabbage
stalks, potato skins, citrus rinds, coffee grounds,
egg shells, tea leaves, corn cobs and stalks. grass
and hedge clippings, leaves, pine needles, saw-
dust, tomato plants and stems, peanut hulls,
weathered hay or straw (if not weathered, straw
will require a lot of nitrogen to decay). Partially
rotted leaves (leaf mold) are the closest thing to
pure humus. But mix and chop leaves if they are
not weathered.

Mineral Matter rocks (granite and marble dust),
ground limestone and shells (crushed oyster, clam
and lobster shells).

Matter Changed Chemically wood ashes (source of
potash and calcium). Ashes from burning banana
skins, lemon skins and cucumbers are high in
phosphorous and potassium.

0(1 NOT ADD root crops suffering from dry rot, on-
ions with onion mildew, or other questionable
vegetable or animal matter. Often the "thermal
kill" of the composting process will not kill all
pathogenic organisms and hence disease could be
spread to plants when the compost is put on soil.
Coal ashes have excessive amounts of sulfur and
iron, which are toxic to plants. Charcoal takes a
long time to decay.

NUTRIENTS are needed by plants. Some of these
are as follows:

Major Nutrients phosphorous, nitrogen and po-
tassium or potash (nitrogen is perhaps the most
important)
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Minor Nutrients calcium, magnesium, iron
Trace Elements zinc and copper

ACIDITY (pH level): Plants will be poisoned if the
pH level of the compost is too high or too low.
There are various tests to show pH levels. A test
which shows degrees of acidity based on colors is a
popular one in school labs. If the pH is too acidic
(too low), wood ashes, bone meal, lime or crushed
limestone will neutralize acid. If the pH is too al-
kaline (too high) manure will generally lower the
pH. Note that oak leaves, pine needles and pine
sawdust are highly acidic and could be added to
lower pH or not added at all to avoid a low pH. In
the early stages the compost pile tends to be more
acidic than it should be later.

CARBON/NITROGEN BALANCE: Humus is usu-
ally ten parts carbon and one part nitrogen. Com-
post should be around 25 to I. Too much carbon
(from items such as straw, corncobs, sawdust and
pine needles) causes the pile to decay very slowly.
This can be corrected by adding nitrogen in the
form of manure. But you can also get too much ni-

trogen, which gives of ammonia causing anaero-
bic bacteria to appear. So if your rile smells of am-
monia, let more air into the pile.

There are tests to show the carbon/nitrogen balance
in your pile and to show the nutrient content. These
can be expensive and difficult to use but may be
worth trying if you have the time and money.

The Value of Compost

Composting recycles nutrients. However, the value
of compost extends beyond its contribution of nutri-
ents to the soil. Unlike chemical fertilizers, it con-
tributes 4o good soil structure. Good structure allows
soil to retain nutrients, moisture and oxygen over a
long period of time. Therefore, compost extends the
life of soil. Soil is one of our most valuable resources
which is constantly being eroded away in places all
over the world.



NATURAL RECYCLING CHAPTER 3

PRIMARY INTERMEDIATE

Objectives Students will be able to: (1)
describe the role of scavengers and decomposers in
nature's recycling and sanitation process; (2) cam-
pfire nature's recycling process with the recycling of
human -made products. Students will improve their
ability to make anahigies.

Method Students compare nature and nat-
ural objects with human manufacturing and human-
made objects by -webbing" forest elements and by
"webbing" factory elements. They identify pictures
of scavengers and decomposers. Students liitcn to a
story about the roles and relationships of scavengers
and decomposers and use this information to answer
questions about picture sequences of natural recy-
cling processes. They identify illustrations of natu-
ral recycling and of human recycling processes.
They role play or write a comparison describing ana-
logies between nature's recycling process and the
human recycling process.

.1.11.011011

Duration: five to six class periods (if comple-
tion of all handouts is decided
upon)

Setting: classroom and outdoor follow-up ex-
ercise)

Subjects: Science, Language Arts

Curriculum Reference: 1.2, 1.7, 3.3

Preparation writing; materials

Vocabulary analogy, animal matter,
bncteria, cellulose, decomposer, dung, fungi, human-
made, nutrients, organic, recycling process, sanita-
tion, scavenger, sequence, soil, synthetic, vegetable
matter

Handouts Forest Web: Factory Ili* Na-
ture's Sanitation Crew: Nature's Recycling Proc-
ess: Describing Nature's Recycling Procesm; Two
Recycling Systems; and a reading story, The fireat
Breakdown

Procedures
1. Have students close their eyes and think of a

forest for a few minutes. Distribute the hand-
out, Forest Web, and have students "web" the
word forest. To do this they write down as many
things they can think of which create a web-like
effect in a forest (squirrels, leaves, sun, etc.).
Then, have students think of a factory with
their eyes closed. Give them the handout, Fac-
tory Ref), to write down as many things as they
cal( think of which are associated with factories
(large buildings, machines, products such as au-
tomobiles, bottles, plastic toys, refrigerators,
ay..). Make a clear distinction between organic
materials that are a part of a natural forest web
and human-made materials that make up most
items in a factory web. Tell students to put aside
the factory web for now and consider the forest
web only,

2. Ask what happens to all the leaves that fall on
the forest floor every year. Why don't they pile
up year after year? To help students answer this
question, have them look at their Ibrest webs to
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see if anyone mentioned soil. Discuss why soil is
important. It contains nutrients which plants
need to grow and without plants, animals, in-
cluding humans, would not be able to live. But
how do nutrients get in the soil? Living in soil
are tiny single celled organisms called bacteria.
They eat decaying waste material such as
leaves, dung and garbage leaving the nutrients
from this matter in the soil. Bacteria serve two
purposes: they help clean up the forest, and they
reselre texture and nutrients to the soil. But
bacteria are not the only organisms at work
breaking down waste; there are other dee-impo-
sers and scavengers at work.

3. 'lb help describe decomposers and scavengers in
nature's recycling process, give each student the
handout, Nature's Sanitation Crew, to com-
plete. You may want to read the passage with
students and explain the meaning of "sanita-
tion crew" in the title.

4. To help explain the role of decomposers and
scavengers in nature's recycling process and to
describe the interrelationships between decom-
posers and scavengers, do the following exer-
cise:

a. Read the story, The Great Breakdown, to
students. Or. make a copy for each student
and have them read along with you.

b. To test their comprehension of concepts dis-
cussed in the story give each student the
handout, Nature's Recycling Process, to
complete. Note that the answers for this
handout are to be taken from the handout,
Nature's Sanitation Crew, previously com-
pleted. Use the letters of each picture found
m Nature's Sanitation Crew as answers.
NOTE: THERE ARE MANY POSSIBLE
ANSWERS AND MORE THAN ONE AN-
SWER FOR SOME SQUARES. JUDGE AN-
SWERS BASED ON EACH STUDENT'S
REASONING BEHIND ANSWERS.

5. After discussing all the possible answers stu-
dents came up with, have each one answer
the questions on the handout, De-eribing
Nature'q Recycling Process.

6. Return to the Forest Web handout students
completed. Discuss how various items they
mentioned are recycled by nature. (Every-

INMNIMMI. 4111MMIIIMINNII

thing should be recyclable except the sun.)
Now look at the handout, Factory Web and
discuss how various items they mentioned
on this handout can be recycled. Discoss the
concept of human recycling and what some
of the requirements are, e.g. technology to
break down human-made materials ti..nalo-
gnus to decomposers in nature) and people to
collect recyclables (analogous to some scav-
engers in nature).

7. See if students can make analogies with
human-made recycling processes by aiumer-
ing questions on the handout. Two Recy-
cling Systems. You may want to have
students first describe what is happening in
each picture cycle.

8. Engage younger students in a role playing
activity. Assign six children to form a tree.
They can hold hands and form a circle (be-
milling the trunk of the tree). Have three
children lay on the floor as roots. Have four
more children be the leaves of the tree: and
"attach" themselves somewhere on the
trunk. They can drift down and fall to the
ground where the munchers and crunchers
(three of each) can pretend to eat them and
break them down. The leaves should curl up
as they get broken down into smaller and
smaller pieces. These decomposed leaves
crawl back up through the tree trunk by way
of the roots. They then become new leaves.
Now assign the same six children who
formed the tree to form a glass bottle by
holding hands in a circle. Ask students who
or what is going to break the bottle into
pieces so it can be recycled. (a crushing ma-
chine) Have four students that were leaves
before act like machines causing the six to
unlock hands and sit down. What is going to
break these down like the munchers and the
crunchers of leaves? (A hot oven will melt
the glass.) Have students that were "mun-
chers" and "crunchers" before be a big oven
("melters") by holding hands around the six
students representing pieces of glass. What
will happen to the melted glass? (It will be
made into new lass by machines that will
blow air into go, s of the hot melted glass.)
Have the "inelters" blow on the pieces of
glass until they stand with hands joined
again.
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Evaluation
I. Write the statements below on the board. Have

students copy and put them in order from 1- 5 to
show how a tree's leaves are recycled.

Leaves are eaten by scavengers.
NI rients are returned to the soil.
Le -yes fall to the ground.

e tree reuses the nutrients to grow.
Tiny pieces of leaves are eaten by de-
composers.

2. Have students write a story about what life in a
forest would be like if we had no decomposers or
scavengers as recyclers.

3. Have students explain how the recycling of
leaves in nature is like the recycling of glass in
human activities.

4. Plan a field trip to a forest or wooded area and
have students observe and describe as many ex-
amples as they can of nature's recycling process.
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FOREST WEB

Directions: On the horizontal lines below list as many things as you can that are asso-
ciated with a forest.

.198$ Ohio Department tot Noturn) lirmurrrx
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FACTORY WEB 3NATURAL RECYCLING

Directions: On the horizontal lines below list as many thing., as you can that are asso-
ciated with a factory.

ilmh Hill., I Alf Adm. nt Nwto Rt,mirrv..
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3 NATURAL RECYCLING
NATURE'S SANITATION CREW

s4-7117;117nt animals clean up waste produced in nature, These giants and animals are culled scav-
engers and decomposers. They eat dead plants and animals and they eat their waste, such as fallen
leaves and dung.

SCAVENGERS can be insects including beetles, ants and termites; or they can he birds, such as vul-
tures, crows and seagulls: or they can be mammals such as raccoons, rats and bears.

DECOMPOSERS include many types of bacteria and also fungi which take the form of molds, mildews
and mushrooms. Bacteria are so small that you need a microscope or magnifying lens to see them, be-
cause they are tiny cells. Fungi are easier to see than bacteria because they are larger and are often
more colorful. Bacteria are so tiny you could get millions of them on a fingernail.

Ditrctionx: In PART I below, write the word, -SCAVENGER," over the pictures of scavengers and the
word, "DECOMPOSERS," over the pictures of decomposers. In PART iT below, number the pictures ac..
cording to the order in which they happen in nature.

A
.11

B

PART I

PART II
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NATURE'S RECYCLING PROCESS
AMIIIMIPMF ',.=M11

NNIITRAI, RECYCLING

Directions: in the dotted line boxes in the pictures below, put the letterts) of the nlants
or animals or waste material shown on the handout, Nature's Sanitation Crew, in or-
der to show what is happening in the pictures.

SEQUENCE #1

SEQUENCE #2

1

(
I. \

2

.,,
l

ysillhb.
,-__....-. _,........

v.. v....11 -aft_

t

,I
dc,

. ,...... 1

SEQUENCE #3

,...,

F"'"
1 H 1L.J

,f----T._.
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1 1

1 ..............
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3 NATURAL RP-XIANG
DESCRIBING NATURE'S RECYCLING PROCESS

Directions: Refer to the handout called Nature's Recycling Process to answer the
questions below.

I. What is being recycled in SEQUENCE I pictures?

2. What is doing the recycling in SEQUENCE I?

What is being recycled in SEQUENCE II?

4. What is doing the recycling in SEQUENCE II?

5. What, is being recycled in SEQUENCE III?

6. What is doing the recycling in SEQUENCE III?

7. What do the arrows indicate in the third picture of each sequence?

8. In the space below, tell in your own words what is happening in one of the three se-
quences. Write out complete sentences.
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TWO RECYCLING SYSTEMS 3NATURAL RECYCLING

C

Directions: Use the letters of the picture cycles above to answer questions 1-4. Use
your own words to answer questions 5 and 6.

1. Which picture cycles depict nature's recycling processes?

2. Which picture cycles show human recycling processes?

3, Which picture cycle shows the recycling of plant matter?

4. Which picture cycle shows the recycling of animal matter?

5. What do you not see in picture C that is doing the recycling?

6. What is doing the recycling in pictures A and ll?

1/.444.. 111711. I Vp.ort rru of
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NATURAL RECYCLING
READING STORY

"THE GREAT BREAKDOWN"

All living things produce waste. Nature's waste includes fallen leaves,
tree branches, animal dung, dead animals and dead plants. These would
make a big pile of garbage on the ground if they were aot disposed of by
scavengers and decomposers. Decomposers, such as bacteria and fungi,
live in the soil and feed on very tiny pieces of waste matter. Scavengers
such as bears, raccoons and rats can chew on the skin and bones of dead
animals, leaving small pieces behind for decomposers to eat. Scavengers
also produce dung for decomposers to eat.

Two important small scavengers are termites and worms. Termites
help decomposers break down dead trees. Wood is hard for decomposers to
digest because it contains a thugh material called cellulose. Cellulose in
wood is easier for decomposers to eat after termites have chewed it up or
left it behind in the form of termite dung. Worms are another important
scavenger because they digest soil through their bodies as they make tun-
nels in the soil. They leave behind, as worm dung, waste rich in nutrients
that plants need to grow.

Worms show us that scavengers not only help get rid of waste, but they
also recycle waste by passing it through their bodies and leaving it be-
hind in the form of nutrients which plants need to grow. Nutrients, are
"plant vitamins." They are drawn up by the roots of plants into their
stems or trunks to enable them to grow. Nature's garbage contains many
good things which must be returned to the soil so plants can grow.

19+4k ()lilt, 11t-iort tiafit 1 N.thir al tiv.attireen
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COMPOST DWELLERS CHAPTER 3

IN 11'1011-'1)1A I I

Objectives Students will be able to: (1)
describe different types of soil and which type is best
for plant growth; (2) identify what is needed to make
compost (and hence enrich soil); (3) explain the role
of bacteria in making compost. Students will im-
prove their ability to make deductions.

Method Students discuss the needs of
plants and what makes soil good for Wants. They
distinguish good soil from poor soil by making de-
ductions from previously given information and by
observing a demonstration of the permeability of
various soil samples. Students observe or participate
in an experiment demonstration and make infer-
ences about the relationship between soil, bacteria,
temperature and the rate of decay of organic waste.
Students complete handouts that explain what is
necessary for composting waste and what types of
bacteria are at work in compost.

Duration: two to four class periods (and two
extra clabz periods if the experi-
ment is conducted)

Setting: classroom

Subjects: Science, Language Arts

Curriculum Reference: 1.2, 2.3, 2.4, 3.3

Preparation Gather samples of three
or four types of soil: sand, clay, brown top soil and/or
dark loam; round wire filter; measuring container
with same diameter as wire filter; water. See "EX-
PERIMENT" explanation in activity description for
other supplies needed if doing the experiment.

Vocabulary areobic, anaerobic, bacte-
ria, clay, compost, compostables, decomposer, hu-
mus, loam, noncompostables, nonporous, organic,
permeability, porous, prc ix, sand, soil, suffix, syn-
thetic

Handouts Munching Microbes, Decom-
posing fifords

Procedures
1. Explain to students why soil is important for

the growth of plants. Inquiry could proceed in
the following manner. What do most green
plants need to grow? (sunlight; water; air; nutri-
ents including nitrogen, potassium, phospho-
rous and others which come from decaying plant
and animal matter; material soil to take
root in) Of these needs, which ones do you think
soil can provide? (nutrients, water, matter to
take root in) What determines how well nutri-
ents and water are retained by soil? (the texture
and permeability of soil) Explain the concept of
permeability. Good soil is neither porous, (allow-
ing water to go through it easily allowing nutri-
ents to be carried away); nor is it nonporous,
preventing the passage of water.

2. Show students three or four samples of different
types of soil, one of sandy soil, one of clay, one of
loam (rich dark soil), and/or one of brown top
soil. Ask students how they could test to see
which soil sample is the best for plant growth.
Students have already discussed how the tex-
ture and permeability of soil is an important
factor for plant growth, so they should be able to
deduce a test procedure for water retention in
the various soil samples. See what they suggest.
Or, arrange materials for them to observe and to
deduce possible uses for a test procedure. Dis-
play a fine mesh wire filter, soil samples, con-
tainer of water and a measuring glass or beaker
with a diameter the same size or larger than
that of the wire filter. After students make sug-
gestions you could do the following:

19S8 Ohio 1)epartment of Natural Resources; sourres: Barb Matheny, Wilson Vance Elementary (Findlay. Oh) sod Duval Lanthri. 01.1%



COMPOST DWELLERS

a. Put soil samples, one at a time, in wire filter
and pour same measured amount of water
over each of the samples.

b. Observe which soil sample is most porous
(sand) and which is the least porous (clay); be
careful not to incorrectly conclude that clay
is porous when the water runs off its surface.

c. Record measurements of water lost into the
container in each of the samples.

3. Discuss the results, inquiring which soil sam-
ples would be best for growing plants based on
the water retention factor. Ask students what
they think gives the brown soil z...nd/or the loam
its "just right" texture for water retention.
(plant and animal matter called humus) Based
on observations of the three or four soil samples,
which one appears to have the most humus? Re-
mind students of what color decaying plant and
animal matter is dark brown, black. This
should enable them to identify loam as having
the most humus, followed by the brown soil.
Other than providing texture for the right per-
meability, ask students what else humus pro-
vides. (nutrients from decaying waste matter)

4. Ask students how plant and animal matter is
turned iato humus containing nutrients. (Some-
thing has to decay the plant or animal matter.)
If you have already done the previous activity of
this chapter, students should be able to identify
decomposers as the answer to this question.
Otherwise, explain that decomposer,, living in
the soil, help decay plant and animal waste.

5. Do an experiment, if you want, to demonstrate
that bacteria live in the soil even though they
cannot be seen. The experiment will also help
demonstrate what type of matter (synthetic
human-made materials) cannot be decomposed
by bacteria and how bacteria work best in a
fairly warm environment. If you do not do the
experiment explain these facts and go on to
Step 6.

EXPERIMENT

Collect five large glass containers such as beak-
ers, pickle jars, etc. Prepare an organic mulch:
decaying leaves chopped ap and/or bread or
small pieces of lettuce, etc. Prepare a synthetic
mulch of bits of styrofoam, plastic, aluminum,
even glass bits, but be careful of sharp edges.

a. In the bottom of four containers put a one to
two inch layer of good fertile soil.

b. In three of these containers put a layer 1/2"
thick of organic mulch. Make sure the
amount and type of material is the same in
all three samples. Set one of these containers
aside in the classroom, this is CONTAINER
#1 with only a layer of soil and organic mate-
rial on top.

c. In CONTAINER #2 put more soil on top (a
good 2" or so) and leave in the classroom. In
CONTAINER #3 put the same amount of soil
on top and put this container in a refrigera-
tor.

d. In CONTAINER #4 (the one with soil but no
organic mulch) put the synthetic mulch and
cover with two inches or so of soil.

e. In CONTAINER #5 put only the organic
mulch with no soil and let it sit in the class-
room.

f. Leave all containers open to let air in. You
may even stir occasionally. Add some water
a couple times a week in the form of spray.
just enough to dampen the samples. Keep all
containers out of the sun.

After a period of a few weeks, examine the
contents. Discuss the relaults.

g.

Spill out the contents of the containers. Ex-
amine them for signs of molds and fungi
(fine white threads on leaves). Magnifying
lenses might be helpful.

In which container did the organic matter
decay the quickest? Why?

Why does placing soil on top of the leaves
speed up the decaying process? (more bacte-
ria and fungi)

Why did the sample (#3) in the refrigerator
not decompose as fast as sample #2? (Bacte-
ria living in colder temperatures do not mul-

so 1i.



COMPOST DWELLERS

tiply or work as quickly as bacteria living in
warmer temperatures.)

Why didn't the synthetic matter decompose?

When recycling synthetic materials (CON-
TAINER #4) ask students who or what must
take the place of bacteria or fungi. (people,
machines, chemicals used in machines)

NOTE: To make this experiment more than a
**demonstration" modify it by proposing one or
more of the following hypotheses to students
and asking them how they could be tested. Let
students observe the materials and supplies for
doing the experiment. HYPOTHESES: Bacteria
living in soil break down organic waste. Bacte-
ria can break down only organic matter quickly;
synthetic h..man-made materials can take a
very long time for bacteria to decay, if at all.
Bacteria living in warm temperatures multiply
faster than bacteria living in cooler tempera-
tures. Scientists can test for the effect of some-
thing without being able to see it (bacteria,
molecules, etc.).

6. Ask students what they think people can do to
improve soil quality. They can put decayed
plant and animal matter into worn out soil, re-
storing humus to the soil. The process for doing
this is called composting. Explain composting.

7. lb help students understand what is required
for making compost have them complete the
handouts, Munching Microbes and Decompos-
ing fibrils.

Evaluation Have students answer the
following questions.

1.

2.

Explain the difference between compostable
and noncompostuble.

Why is compost important?

3. Look up the prefix "area" and the prefix "an."
Which type of bacteria, aerobic bacteria or an-
aerobic bacteria, can live without oxygen or air?



3 COMPOST DWELLERS
MUNCHING MICROBES

Directions: Answer the questions below.

I. 'lb make compost out of organic material, decomposers such as bacteria and fungi
must meet their needs to grow and reproduce. Circle the three words from the list
below that are needs of decomposers. Then, on the line below the terms, write the
one element that decomposer plants do not need which green plants do need.

TREES WATER WINGS FOOD AIR SUNSHINE

is needed by green plants to make food, but it is
not needed by decomposers because decomposers cannot make their own food.

2. What type of things can decomposers eat for food? Circle the items below which de-
composers can eat (things that are compostable). Underline items which you think
decomposers cannot digest (things that are noricompostable).

APPLE CORE RUBBER TIRE MANURE

DEAD FISH LEAVES SAWDUST

ALUMINUM CAN COFFEE GROUNDS PLASTIC BOTTLE_ POTATO SKINS FEATHERS BROCCOLI STALKS

WOOL RAGS GLASS MR LEATHER SHOE

NEWSPAPER HAIR LEATHER DUST

APPLE WITH SKIN DEAD BIRD CORN COB

3. In the space to the left of each compostable item above put a "V" by items that rep-
resent vegetable matter and an "A" by items that represent animal matter.

4. What element from question #1 above helps decomposers eat animal and vegetable
matter? Why?

')bb, I 1h tr, I nivni "i 411 tirai



('t)MPOST DWELLERS
DECOMPOSING WORDS

Many words in science are made from two words combined, or from using prefixes and suffixes to make
new words. For instance, the PHOTO is also a prefix meaning "light.- The suffix PHILIC means
liking something." PHOTOP:fiLr plants are plants that must have a lot. of light to live. (In other

words, they are plants th.!*... "likr" light.) Are bacteria that live' in compost this type of organism?

Directions: Read the paragraph and then fill in the blanks using a prefix and a suffix to make' a word
that will fit in the sentence. Choose prefixes and suffixes listed at the' bottom of the page. Some answers
will he.' used more than once.

Bacteria and Compost

As bacteria work to find food and to multiply in a compost pile, they create heat, so the temperature' in
a compost pile gets warmer. However, as the temperature gets warmer some bacteria that require cooler
temperatures to live. begin tee die. Other bacteria that require' warmer temperatures to live' begin to
multiply. There are three type's of bacteria living in compost. Each type lives in different temperatures.

bacteria survive in the' coldest teMperattin'S in coin.

post lt.tween 30 and 50' Fi,

2 bacteria thrive to moderate telliperatUres. not too hot
TrefAl

and not too cold (between 70 and lint F).

3.

1(M) and 1 tin }:

bactioreo live, in I he nynThst I fq ,H %rat nres ILO wren

4. A i, lisvil to tell I he in inside a Conlpost
4,01111,

heap.

5. Not all bacteria live' on doad or nig matter. on IL% iii,' t The tyc:4 of bacteria

that live or, dead things in at compost pile are called

PREFIXES

?lies(); m idd le or average

sapro rotten dead mailer

thermo: heat. hot

psychro: cold

SUFFIXES

meter: an instrument used to illeasUre
thing

philic: loving or liking sonivailltg (Used at, all
adicetiV4o

phytes: plants having a part icalar place to
live in used as a noun)

1tioi. I of \.r1 ,,ra! 1

83



THE TINY BEASTIE'S FEAST CHAPTER 3

INTERNIEIMATE

Objectives Students will be able to: (1)
identify factors in the decompositon of organic mate-
rials in compost; (2) describe how to make compost
and how it enriches soil enabling plants to grow bet-
ter. Students will improve their ability to conduct an
experiment.

Method Students conduct an experiment to
isolate variables in compost such as nutrient con-
tent, moisture content and the effect of earthworms.
Students explain the purpose of comparing a control
sample with test samples. They conduct an addi-
tional experiment about plant growth using the
compost they made.

Duration: several class periods followed by
weekly observations for three to
six months.

Setting: classroom andlor outdoors

Subjects: Science, Language Arts

Curriculum Reference: 2.3, 3.3

Special Note This activity describes an experi-
ment with three select variables in the composting
process. Experiments using other variables are also

possible; therefore, it is recommended that you read
the background information to understand further
possibilities for experimenting with compost. Also,
the activity as described below may take up more
time than you can afford, so you might modify it to
experiment with only one or two variables, or you
could simply decide to make a single compost heap,
indoors or outdoors, and have students attend to it
and observe changes as described in the background
information. The activity description below is in two
parts which could be accomplished separately. The
first part is an EXPERIMENT WITH VARIABLES
IN COMPOSTING and the second part involves US-
ING COMPOST TO TEST ITS VALUE FOR PLANT
GROWTH. Prior to doing this activity, it would help
to have done one or both of the activities described
previously in this chapter, especially the second ac-
tivity, COMPOST DWELLERS.

Preparation Containers for compost
samples will be needed, unless you decide to make
the samples outdoors on the ground. Ten-gallon
aquariums work very well; however, trash cans or
even large buckets will do. If using trash cans or
buckets, drill a few small holes in the bottom and set
on blocks with a drain pan underneath. If doing all
four samples suggested in the activity, four ten-
gallon aquariums would be ideal, but two ten-gallon
aquariums with a piece of wood creating two sepa-
rate sections would do. You will als a need the follow-
i ng:

as much as 15 gallons of soil, depending on size of
contriners and number of sample.; you decide to
test. (Soil should be brown, neither rich dark loam
nor sand or clay.)
medium size or small plastic bags for students to
put garbage in to bring to class
large tray and knife to chop organic items; con
tainer(s) for this mulch
an abundance and variety of organic waste mat-
ter, provided by students from home or school or
outdoors. (See list of items on pp. 66 of the Back-
ground Information of this chapter.)
crushed limestone (not a necessity but may be
helpful to eliminate pungent odors which may
arise)
manure or plant fertilizer
a few earthworms
a spray bottle for watering compost
a thermometer
writing material for recording information
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THE TINY BEASTIE'S FEAST

For the second part of the activity you will need milk
cartons saved from the lunchroom, two for each
group, and radish seeds or tomato seeds or any other
fast germinating seeds.

Vocabulary animal matter, bacteria,
compost, compostable, control sample, decomposer,
dung, experiment, humus, nutrients, organic, scav-
enger, test sample, vegetable matter

Procedures
EXPERIMENT WITH VARIABLES

IN COMPOSTING

I. Define compost with students. Ask what two
major elements are needed to make compost.
(decomposers and organic matter) Where do de-
composers for compost come from? (soil and air)
Where does organic matter come from? (waste
in nature and garbage at home or at work) So,
the first items needed to make compost are soil
and organic matter. (This discussion can be faci-
litated by doing the previous activity, COM-
POST DWELLERS, or parts of it.)

2. Provide soil and have students bring in organic
materials from home or school, using plastic
bags. Chop up pieces of garbage but do not make
them powdery. Put vegetable matter and ani-
mal matter in separate storage containers.

3. Before putting soil and garbage items in the
compost containers, put a layer ( 1As " to 1/2" ) of
crushed limestone and some coarse organic ma-
terial on the bottom. (This helps prevent
buildup of acid and water.) Add waste materials
and soil to three containers in a sequence resem-
bling that described on p. 65 of the Background
Information. In a fourth container prepare
waste matter and soil but do not add manure or
fertilizer or any animal matter. (This will help
test for value of specific nutrients.) Have
enough soil to set aside a few large buckets full
for use later in the year when compost is fin-
ished.

4. Discuss variables you will be testing:

a. NUTRIENT DEFICIENCY: Ask students
what they think the purpose was of not ad-
ding animal matter, or animal waste such as
manure or fertilizer to one of the compost
samples. This is to test to see what happens
when nutrients nitrogen, phosphorous

1.1.141.101MMEIMpallIMIIImm0INE.,

and potassium mostly are lacking. Plant
matter contains some of these but not as
much as animal matter.)

b. MOISTURE DEFICIENCY: Discuss the con-
cept of variables, and explain how moisture
content is a variable in composting. Ask stu-
dents to consider the remaining three sam-
ples and how they could test to see the effect
of moisture on compost. (They should sug-
gest not adding any water to one of the re-
maining samples while they periodically
water the others.) Ask students why they
think moisture is important. (It helps bacte-
ria or other scavengers and decomposers di-
gest organic matter. To explain you could
give each student a teaspoon of dry cereal
and then one of wet cereal to compare ease of
digestion and chewing.) Explain that stu-
dents will be adding watf!r periodically to
the other samples. Remenaser to add water
to the other samples just enough to make
them like a wrung out sponge. Also make
sure to measure and add the same amount of
water to each sample. Ask students why this
is important. (So the CONTROL SAMPLE
and others can be validly compared with the
TEST SAMPLE lacking moisture, and so all
the other test samples have moisture be-
cause you are testing for things other than
moisture deficiency among these.)

c. EARTHWORM: In another sample test for
the' value of the earthworm in composting.
Ask students how this could Is! done. Dis-
cuss. Then add earthworms to one of the re-
maining two samples.

d. CONTROL SAMPLE: Ask students to list
the VARIABLES that are represented by
each test condition. These may be described
as follows:

a. testing for the effect of nutrients in
compost (nutrient deficiency being a
test variable!)

h. testing for the effect of moisture in com-
post (moisture deficiency being a test
variable)

e. testing for the effect of earthworms in
compost (this scavenger being a test
variable)

One sample is left. Ask students if they
should test for another variable such as air.
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or oxygen or a different type of soil in this
sample. Discuss, until it is made apparent
that there is a need for a control sample
against which to measure the effect of the
variables they are testing above. The control
sample should be as follows to compare with
these other variables. It is not lacking in nu-
trients nor moisture, and neither does it
have earthworms. If students wanted to test
for oxygen, or rather the lack of it, what
would they have to do? (They would have to
create another test sample including all the
elements of the control sample but without
allowing air to enter.) Ask them why you
could not just plan to not add oxygen or air to
one of the other test samples. (They would
then be testing two variables in the same
sample and hence would not know which fac-
tor caused a difference from the control sam-
ple.) The rule is that you can only test for one
variable at a time, so all other conditions ex-
cept one, between the control sample and the
test samples, should be the same; otherwise
you could not tell which variable was creat-
ing the change. (Of course, if your objective
is to test in the test sample for the effect of
two variables in combination against the
control sample, then the two variables sam-
ple would be appropriate.)

E. In order to maintain the experiment, requiring
approximately three to four months, do the
fallowing:

Keep all samples, except the moisture deficient
one, moist. Spray each with rain water (the best)
or with tap water that has been set out for a few
days to evaporate any chemicals that could kill
bacteria.
If the classroom air is very dry, you may want to
cover your samples to keep them from drying
out quickly; but in order to allow some air, prop
covers open just a little bit.
Allow air to circulate in each of the samples by
poking and perhaps turning the samples each
week. Or, you could ventilate the piles as sug-
gested in the Background Information on p. 65.
At the end of three months check to see if any of
the samples are ready. See Background Infor-
mation p. 65 for indications that compost is
ready.

6. In small groups, or individually, have students
keep records. As the compost is being made

have students describe the color, texture and
consistency of the organic ingredients and of the
soil. Also, measure temperature of the contents
and pH level if you wish. 'Imperature records
are especially important for indicating if aera-
tion is needed. (See p. 64-65 in the Background
Information.) REMEMBER: the control sample
and each of the test samples should be described
individually.

7. When one of the samples is ready (should be the
one with the earthworms first), have students
make conclusions based on observations of all
the samples. (The control sample should look
close to the worm sample, while the nutrient de-
ficient and moisture deficient ones should not
look ready yet.)

8. Discuss the following hypotheses in light of
their observations.
MAJOR HYPOTHESIS: Living things are
adapted to particular environments which en-
able them to meet their needs. (Moisture, air,
food, nutrients and an appropriate temperature
allow bacteria to survive and multiply. Take
away one of these elements, ie. moisture, and
they will not survive as well.)
MINOR HYPOTHESIS: As plants and animals
meet their needs they give off heat. Bacteria
and other organisms act on dead plant and ani-
mal material reducing it to its components.
Making good compost requires the right mix-
ture of moisture, air and nutrients and an ap-
propriate temperature. We can test for the
existence of living creatures without being able
to see them.

USING COMPOST TO TEST ITS VALUE FOR
PLANT GROWTH

I. Ask students how they might test the following
hypothesis: "Compost helps enrich soil enabling
plants to grow better." You could begin by draw-
ing their attention to the bucket of original soil
you saved, asking why y u saved it. You might
compare color, texture and water retention rates
between this soil without compost and this soil
with a mixture of half compost. (See water re-
tention demonstration in previous activity,
COMPOST DWELLERS. Have the class
make inferences about the effect of the two sam-
ples on plant growth.

2. Ask students which soil samples from the exper-
iment would be the best to use. (The control
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sample and/or the sample with the earthworms,
if these samples came out the best as they
should theoretically.) Remember, compost from
the worm sample !nay be richer taan the other,
so you could test for the value of compost with
worm dung in it versus compost without worm
dung.

3. Divide the students into small groups. Have
them decide who will take the responsibility for
the following tasks in setting up the experi-
ment:

a. Punch holes in bottom of two cartons. Give
each carton a group name or number; label
one "with compost" and one "without com-
post." The one "with compost" could also be
"with worm compost" in the case of one sam-
ple.

b. Mix 1/2 cup compost and 1/2 cup plain soil to-
gether and place in first milk carton. ('lb test
the effect of different quantities, you could
have each group use different amounts in-
cluding 100% compost alone.)

c. Plant three seeds at the depth indicated on
the package; water these with four table-
spoons of water.

d. Place one cup sail without compost in the
other container.

e. Plant three seeds in this container; water.

Place each group's cartons in a sunny place.
Have the students decide who will be responsi-
ble each day for the tasks of watering and re-
cording data. All groups should be consistent
about watering. Decide on the amount and fre-
quency of watering that all groups should fol-
low. This will vary according to the type of seeds
planted and conditions in the room.

4. DISCUSSION:

Which plants germinated first?
Which plants grew quicker?
How would you explain this in relation to com-
post samples that were tested?
How can farmers or people who have gardens
improve the fertility of their soil?
How could composting help to reduce the
amount of garbage we throw away and also be
helpful to us?

Evaluation Write a descriptive para-
graph based on notes kept during the first experi-
ment to explain how garbage was turned into
humus.

1
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Technology and Waste



TECHNOLOGY CE.,-iNGING WASTE CHAPTER 4
Changing Properties of Waste Matter

Waste materials can be changed in different ways
depending on their physical and chemical proper-
ties. Physical properties of materials include size,
weight, shape and texture, magnetic susceptibility,
melting point and boiling point. Chemical proper-
ties of matter include susceptibility to oxidation
(rust), the ability to burn and the ability to dissolve
in a given solvent under specific conditions.
Changes in physical properties play a very impor-
tant role in recycling processes associateki with
household recyclables such as cans, bottles and pa-
per. Recycling these items typically involves break-
ing and/or melting them down and then reforming
the materials into their original state. Chemical
changes also occur in recycling. In chemical changes
the chemical structure of a substance is changed, not
just its physical form. Chemical change occurs, for
instance. in newspaper recycling when ink is
bleached out of old paper to produce white, printaole
recycled paper. Chemical changes are also important
in hazardous waste recycling.

Another chemical change which much solid waste
can be subjected to is combustion. Many solid waste
materials are combustible. They can be burned, pro-
ducing ashes and gases. The incineration of combus-
tible waste materials reduces the volume of waste
and can also he used to produce energy. Systems
used to produce energy from waste or from waste,
derived fuels are called energy recovery systems.
Energy recovery is one way, like recycling, to get an
extra use from resources which might otherwise be
wasted.

The term resource recovery is used to describe a
variety of material and energy recovery processes,
in particular the recycling of household materials,
the use of waste to produce energy, and the making
of compost,' Composting is explained in the back-
ground information of the previous chapter. In the
rest of the background information of this chapter,
recycling and energy recovery will be examined.

The most commonly recycled household materials
are paper, glass, aluminum, tinned steel (food cans),
oil and certain plastics. Other materials such as cop-
per, brass, rubber (tires) and lead (from batteries)
can also be recycled. Old glass bottles and food con-
tainers are broken into pieces called cullet which is
used to make new hottles and containers. This is an

example of what may he called isoform recycling.
The recycled materials are used to make the same
kind of product that the materials were used in orig.
inally. Some plastic used originally to make food
containers such as milk jugs is recycled into plastic
landscape lumber. This is an example of what may
be called lwteruform recycling. Heteroform recy-
cling is using recyclable materials to make a differ-
ent kind of product from that which the materials
were used in originally. Examples of isoform and he-
teroform recycling are listed below. Some hetero-
form recycling is quite ingenious, and people are
constantly conceiving new products and processes.

GLASS: Glass is sorted by color, crushed into cullet
and usually isoformly recycled to produce new
glass containers. In heteroform recycling of glass,
cullet is used in the manufacture of concrete, as-
phalt, brick, glass wool, terrazzo, artificial sand
and polymer composite sewer pipe.

PAPER: Old newspapers can be isoformly recycled to
produce new newsprint paper. High quality com-
puter printout paper can be recycled to produce
new computer paper. High quality paper products
can also be hetexoformly recycled to make paper-
board products such as boxboard, linerboard and
corrugated cardboard.

METALS: Tinned-steel food containers and alumi-
num beverage cans can be isoformly recycled to
produce new steel cans and new aluminum cans.
Scrap metal, both ferrous and nonferrous, from
automobiles, appliances and machines' can be he.
teroformly recycled to produce a variety of steel
bar products rounds, flats, and angles used to
make construction materials.

PLASTIC: Plastic products are made from
petroleum-derived resins. There are many kinds
of resins with long names such as polyvinyl chlo-
ride, pull ethylene, polystyrene, polypropylene
urethane, acrylonitrilebutadiene-styrene. Plas-
tics are usually heteroformly recycled to make
items such as non-food containers, plastic land-
scape lumber, parking blocks and synthetic sleep-
ing bag filler. Plastic food containers cannot be
isoformly recycled. If recyclable); are used to
make new food containers they must be heated to
a temperature high enough to insure that the con-
tainers will lw sanitary. The Federal Food and

'Composting represents u biological-chmical change in organic. nuitter
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Background Information

Drug Administration established a standard tem-
perature for all recycled materials used in in. k-
ing food containers). When plastics used in '
containers are heated to that temperature, the
chemical structure of their resins changes, mak-
ing them unusable.

RUBBER: There is much waste synthetic rubber to
be found an used tires. Automobile tires must be
very tough, so rubber is vulcanized in tire manu-
facturing, and tsecomes almost indestructible. It
is very difficult to reverse the vulcanization
process to make rubber that can be used to make
new tires. Hence there is little isofurm recycling
of used tires. Tires are heteroformly recycled into
arena flooring, rug underlay, and crumb rubber
used in asphalt to improve road characteristics.

OIL: Lubricating oil can be isofurmly recycled to
make new lubricating oil or it can be put through
heteroform processes to make road oil and fuel oil.

Manufacturing new products from waste materials
is an industry. Recycling industries use many differ-
ent industrial processes, depending on what waste
material is used as raw material and what products
are manufactured. Recycling manufacturers of con-
sumer goods depend on a supply of waste materials
they can use in their processes, and there is an ancil-
lary recycling industry that collects waste materials
and provides them to manufacturers,

In Ohio there are industrial facilities that use glass.
paper and plastic to manufacture new products sold
to consumers. There is also an Ohio recycling collec-
tion industry that provides glass. paper. plastic.
steel and aluminum to recycling manufacturers
throughout the world.

Recycling Processes

There are two processes in recycling that wit he
described generally.. separation and transformation.
The physical and chemical properties of wastes de-
termine how wastes will be affected by these proc-
esses. Separation is sorting waste materials to be
recycled from other waste materials. Transcorma-
tion is physically ;miter chemically changing the
waste into something that is of use.

In separation, a physical property for properties)
present in one kind of waste. but not present in oth-
ers, allows a person or a machine to distinguish
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them and then set them apart. For instance, a per-
son may examine glass bottles and aluminum cans
to determine their weight and flexibility, and then
separate them accordingly. A crane equipped with
an electromagnet can separate ferrous metals from
all other surrounding wastes because only ferrous
metals are attracted to a magnet.

In transformation, the physical or chemical proper-
ties of a waste will determine how it can be changed.
Glass, aluminum and plastic can all be melted. Each
is susceptible to a phase change (from solid to liquid)
when its temperature is raised to its melting point.
All three have different melting points.

Separation has to happen before transformation. Re-
cycled wastes often go through several separation
processes. At the first point of separation the desired
materials are diverted from the waste stream. This
is what happens when the household recycler places
soda cans in a bin separate from the garbage cans.
At later points of separation residual, unwanted
wastes (called contaminants) are removed from the
now purer collection of recyclahles. Thus when the
household recycler takes soda cans to an aluminum
can recycling center, a machine with an elmtromag-
net will remove all the cans with steel sides from the
pure aluminum cans.

If contaminants are still present when transforma-
tion starts, many things can go wrong, which is why
separation must happen again prior to transforming
the material. If' colored glass is not separated from
clear glass in a clear glass production process, the re-
sult is unwanted tinted glass. There are many kinds
of plastics. each with different melting points and
chemical structures. In some plastic transformation
processes the plastics must be separated so that only
one type of plastic is melted, or the result can be
clogged machines and defective products. Contami-
nants in aluminum melting can cause a furnace to
ex ph sle

Separation 11.chniques

Separation of wastes is a very important part of
recycling. It takes place through the efforts of con-
sumers (waste generators), collectors and manufac-
turers.
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Sourer separation is separation of waste materials
by type at the waste general ion point (home. bust
ness, etc.) in preparation for recycling. This is usu-
ally done manually (manual separation) and
followed by transfer of the materials to a recycling
center or to curbside fin. pickup.

When machines are used to separate waste mat eri
als, the process is called mechanical separation. W..
cycling ce'nte'rs separate aluminum cans from cans
with steel in them with machines containing mag-
nets. Because of the cooperation of recycling con-
sumers in source separation, the materials that
arrive at. recycling centers are relatively free of con-
taminants and the mechanical separation processes
used at recycling centers are relatively simple.

Not all waste is separated for recycling at its source
by waste generators. Different. generators' wastes
are mixed up together aw.:1 sent, to sanitary landfills,
or intermediate wit,- *ransfer stations, where they
can still be sepa: recycling before they are
buried. Once the wastes are mixed together, how .

ever, the separation techniques that must be used
are more complicated and expensive than those used
at recycling centers. Large scale manual and me-
chanical techniques in different combinations are
used to separate wastes for recycling at disposal fa-
cilities.

Wastes are also separated at some incinerators and
energy recovery plants into noncombustibles t glass.
metals) and combustibles (paper, fiber, plastic). Non
combustibles slow the rate of burning and can melt
and dog furnace grates. A similar mix of manual
and mechanical separation techniques can hi' used
at burn facilities to increase burn efficiency and re-
cover materials fin. recycling.

The different physical properties of waste materials
make possible the use of a variety of mechanical sep.
oration techniques. The most common mechanical
sorter at a recycling center is as magnetic separator.
Magnetic separators isometimes in the form of elec-
tromagnets for use on large metal objects) separate
!emus metals from nonferrous metals because fer-
rous metals (iron and steel) are attracted to a mag-
net and non-ferrous metals are not. Another
property of matter useful in separation techniques is
size. When mixed refuse is put into a machine of ro-
tary screens, with hole-punched plates, materials
can be partially separated according to the size of ap-

ertures M the plates. Small particles such as dirt,
dust and ashes will pass through Mann holes. food
and other kitchen waste through 50mm holes and
tin cans, bottles and paper through 200mm open-
ings:

Other important properties suited to separation
techniques inclade weight, color, buoyancy and ahil-
ity to be shredded, A machine called an air classifier
can separate materials according to their weight us-
ing a stream of forced air to blow lighter items away
from heavier ones. Optical sorters can separate clear
and colored glass according to the degree of trans-
parency of glass waste items. Flotation devices can
separate materials which sink from items which will
float. Often. before materials are separated by mag-
nets, size sorters. color sorters, air classifiers and the
like, they are crushed or shredded for more efficient
separation in less space.

After recyclahles are separated, ceillected. and freed
of most contaminants, they are crushed, densified,
boxed or baled for shipment in large quantities to
manufacturers who use them to make new products.
The manufacturers who buy them may subject them
to additional decontamination to insure their qual-
ity as raw materials.

Transformation Processes

Waste materials go through various physical
changes in tlw final stages of recycling. Most are
subjected to gross physical changes. Aluminum cans
are shredded into dime-size chips. Glass bottles are
crushed into cullet. Plastic items are often ground
into flakes. Paper is shredded, softened and reduced
to as wilp. Reduction of the materials into smaller
parts prepares them for a final decontamination
process and allows a later phase change to be clone
with less me=rge than whoa. cans, bottles and paper
sheets would require. After these changes the' waste
materials can no longer he easily identified as the
consumer goods and packaging they once were.
Their functional identity as containers and news-
print starts to disappear and their transfiirmation
has begun.

After the materials have. been broken down, contam-
inants are separated and removed. In the aluminum
and glass industry magnets and screens remove
steel particles, plastic labels and other contami

'John R. Holmes. Refuse ReevlIng and Ret1Wery John Wiles & Sons. 1981+. p. ;12.
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111....1MIMI, Background Information

nants. At a paper plant, paper pulp is spun around
in a refining device which separates staples, paper
clips, metal and glass particles. The pulp must also
go through washing on vibrating screens to remove
ink and other chemicals. In the process of recycling
two-liter plastic soda bottles, a flotation system is
used to separate the heavier bottle flakes (PET) from
the lighter base cup flakes (HDPE that float to the
surface. Then, to remove aluminum contaminants
(such as bottle caps), the PET chips are put into a
drum where an electrostatic charge causes the PET
chips to cling to the drum while aluminum loses its
charge and is thrown off.

In the gross physical reduction and separation
stages described so far, physical properties of matter
are important. In the next stage, physical changes
in the state of matter are important, particularly
when matter changes from a solid to a liquid and
then back to a solid again. Aluminum, glass and
plastic reprocessing provide excellent examples of
these changes in the physical state of matter.

Aluminum chips are melted by furnaces from which
the liquid metal flows into molds and solidifies
again in the form of ingots. Rollers then squeeze
these ingots into sheets which are shaped into new
cans or other aluminum products. Glass cullet (after
being mixed with virgin raw materials used in the
making of virgin glass) is melted at very high tem-
peratures. The molten glass is dropped into a mold
and air is blown into the mold to form a container.
As the glass cools, it hardens and a new glass bottle
is produced. Some plastic materials are shredded
and then melted into strands which are put into
molds to harden into a product. Paper is made of
compressed, dried cellulose fibers and does not go
through a real change in state. It is shredded and
mixed with water in a large machine: resembling an
electric blender. The fibers simply separate. The wet
fibers are reformed into sheets on the papermaking
machine. When the water is removed, paper is
formed again.

'Transformation processes differ from industry to in-
dustry. Some industries use labor-intensive tech-
niques more than others. A variety of mechanical
separation and transformation techniques are used
even within the same industry. Different waste ma-
terials have different strengths and melting points
so they require different Airedding forces and differ-
ent furnace temperatures. Yet some basic steps in
the processing of most recyclable materials and
their use in manufacturing products can be identi-
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fled. These are: gross physical reduction, followed by
final removal of contaminants, followed by the melt-
ing (or pulping) of matter (and often the addition of
-ther raw materials and chemicals), followed by
hardening (through cooling or drying) into shapes in
molds. These represent the basic stages in the repro-
cessing of scrap aluminum, glass, plastic, steel and
paper.

Energy Recovery

Waste which can be burned can be used as a fuel,
hence energy can be recovered by burning waste.
Combustible waste materials include vegetable mat-
ter, rags, plastics, paper and cardboard. When com-
bustible waste is burned in energy recovery systems
it produces heat which is used to produce steam for
heating or for the generation of electricity. The
mixed waste material that comes to a sanitary land-
fill can be burned with little additional processing
except removal of some noncombustibles and shred-
ding (for an even burn). Some waste matter (particu-
larly paper and cardboard), can be formed into small
pellets, called refuse derived fuel, to be stored and
used as a fuel supplement when needed.

Methane gas can be produced from garbage in a
process called biogasificatkm. Biogasification com-
monly occurs in landfills without human assistance.
As aerobic bacteria eat the organic waste deposited
in the sealed landfill, they also use up all the availa-
ble oxygen in the landfill. Anaerobic bacteria then
begin to digest the remaining waste, transforming it
into methane gas and carbon dioxide. The combined
methane and carbon dioxide found in landfills is
called biogas. Because it is a gas, biogas follows the
path of least resistance and accumulates in pockets
in the landfill.

Biogas is explosive and dangerous if not properly
controlled, but it is also possible to collect it for use
as a fuel. The methane and carbon dioxide can he
separated and the methane can then be shipped for
use by gas providers or sent to energy plants for the
generation of electricity or heat. Methane is the
same as natural gas sold by utility companies for
home heating. Biogas can also be produced in a more
controlled fashion in an energy recovery system. In
such a system the same anaerobic conditions found
in landfills are created and speeded up by applying
heat to a vessel containing organic waste and anaer-
obic bacteria.



CATCH 'EM IF YOU CAN CHAPTER 4
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PRIM,ARY

Objectives Students will be able to: (1)
mod aluminum cans for recycling by using a magnet;
(2) classift nuiterials based on the property of mag-
netism. Students will improve ()hsecation

Method Students "fish" for various items
with a magnet and discuss their observations. A pie-
and post-test is given to st udents, requiring them to
distinguish ferrous objects from nonferrous objects.

Duration: two class periods

Setting: classi .rom

Subject: Science

Curriculum Reference: 1.3

Preparation Nlake a fishing pole out of
a dowel rod, string and magnet. Label a box with the
words "Save and Recycle Aluminum" and another
box with the words "Save and Recycle Steel." Collect
three empty tin cans (usually made of steel with a
tin coating), three empty aluminum cans, two
wooden blocks. several steel bottle caps, steel nails.
a steel can opener ar..1 blue poster board. (Avoid bi-
metal cans made of tinned steel and aluminum.)

Vocabulary aluminum, magnet, mag-
net ic, non-magnetic. steel, tin

Handout What Will A Magnet Attract?

Procedures
1. Discuss the concept of magnetic attraction us-

ing a -magnet. and steel or iron object not pic-
tured in the handout.

2. Distribute the handout, What Will A Magnet At-
tract? and have students complete it after ex-
pkiining directions. Collect the handout when
completed.

3. Display the objects (tinned-steel cans, alumi-
num cans, wooden blocks, steel bottle caps, steel
nails and steel can opener) in random order in
front of the blue poster board. Have students
take terns trying to "catch" the objects with the
teacher-made fishing pole. Observe and discuss
magnetic and non-magnetic attraction as each
attempt to fish tin: an object is made. As steel or
iron objects are picked up by the fishing pole
magnet, have student holding the pole drop the
object into the box marked Save and Recycle
Steer

4. Explain that aluminum cans can be identified
becinow they are not attracted to a magnet. Put
the three aluminum cans in the box marked
-save and Recycle Aluminum" Explain why we
should save and recycle aluminum cans.

5. Ask students to save their aluminum cans at
home and bring them to school so that they can
be redeemed at a recycling center, if' this can be
arranged.

Evaluation
Distribute the handout. What Will A Magnet
tract? as a post test for each student to complete.

it4Sh ()lily 11% 1311in 111 td Null Ili kt - !ti tiro oo J.1111, 11.14114 iwol Oh
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4 CATCH 'EM IF YOU CAN
WHAT WILL A MAGNET ATTRACT?

Directions: Circle the objects that a magnet will attract.

I WIN )h to k.pArtmlrit 14 Nit ors1 Hrsouriv,
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MAGNETS AND METAPHORS CHAPTER 4

VkA.P.O.

C. 4,a

.

INIVIZMFDIA rl

Objectives Students will be able to: (1)

110
classify metal containers based on magnetic proper-
ties and other observable traits; (2) describe how re-
cyclables are collected and separated at a recycling
center. Students will improve their abilities to ob-
serve differences and to comprehend written mate-
rial.

Method Students listen to explanations
about recyclable metals and then work in groups, us-
ing trial and error and their senses to sort and sepa-
rate aluminum cans from other metal cans. They
make a chart to describe the physical characteristics
of three types of recyclable cans. They listen to or
read a story about recycling and then answer ques-
tions that test their comprehension of the story.
They explore metaphors for recycling and they write
a story.

Duration: two to four class periods

Setting: classroom

Subjects: Science, Language Arts

Curriculum Reference: 1.1, 1.4

Preparation writing materials and
rulers; enough small magnets for each student, or

each group of students; five cans for each group: two
aluminum (for example, pop cans). two tinned (for
example, soup cans) and one bimetal can (tuna fish
cans are often bimetal).

Vocabulary aluminum, bimetal, mag-
netic, metaphor, narration, nonmagnetic. tinned-
steel

Handout Sure Thing ('an Identification:
The Can Man; Understanding Recycling

Procedures
1. Discuss the importance of recycling metals.

(conserves energy and nonrenewable resources)

2. 11,11 students that cans are recyclable, but that
some are easier to recycle than others. Hold up
samples of the three major types of cans: an alu-
minum can, tinned can (these are really 99
steel with a thin coating of tin) and a bimetal
can. Explain that bimetal cans have an alumi-
num top and a steel body. Explain why it is
harder to recycle bimetal cans. (The two types of
metals must be separated.) REMEMBER: "Bi-
metal" does not refer to a can that has two met-
als combined to form an alloy.

3. Observe how cans are very similar in appear-
ance and Yet are different in composition. Ex-
plain why different types of cans need to he
separated before they can be recycled.

4. Divide the class into small groups supplying
each group with magnet(s) and five cans. Tell
groups you want them to separate aluminum
cans from the collection of cans they have. Ask
them how this can be done. (Some types of metal
have magnetic properties and others, such as
aluminum, do not.) See which group(s) discovers
the aluminum cans first, by using the magnet to
sort out tin and bimetal cans.

5. After each group has distinguished the three
types of cans at their table, have one parson in
each group make a chart with three headings
("Aluminum," "Bimetal," "Tinned") along the
top of the long side of a piece of paper. Draw
lines to the bottom of the page separating each
category. For identification description #1, have
students write "not attracted by magnet" under
Aluminum and "attracted by magnet" undo
Bimetal and Tinned.

198E1 Ohio Department of Natural Reenurem source Della Ewalt. Middletown Litter t7ontral Program tMtddletow+i ()h+
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Aluminum
1. mot Mena! by "opt

2.

3.

4.

5.

6.

Bimetal
setnits41 nape

Ask students to look carefully at the cans, hold-
ing and feeling them as well, to discover what
else makes these three types of cans different
from each other. Have them list as many traits
in each column as they can. Check with hand-
out, Sure Thing Can Identification, to verify
their findings.

6. Read the story, The ('an Man, to students or
pass it out for them to read along with you. Af-
ter finishing have them answer orally or in
writing the questions on the handout, Under-
standing Recycling. Be sure to explain what
"metaphor" is before asking students to com-
plete the handout. to metaphor is a comparison
of one thing for another.)

Evaluation Have students write their
own story about a can that is taken to a recycling
center. Instruct them to use a narrator to tell the
story.

98



a.
aL

C

ALUMINUM

7

BIMETAL TINN ED -STEEL

* 1. Is NOT attracted by magnet

* 2. Almost all of these cans say
"All Aluminum Can" on the
side

* 3. No seam

* 4. If the bottom of the can is
round and shiny, then it is
aluminum

5. Shiny, silver, smooth

6. Light weight

7. Aluminum cans, if you look
closely, are finely brushed on
the bottom

8. Printing is usually directly
on the can as opposed to on a
paper label.

1/4, 2

* 1. Is attracted by magnet * 1. Is attracted by magnet

* 2. Bottom has a rim 2. Has a seam

3. If you look closely, the bottom
is not finely brushed. It is num
also usually spray painted.

3. Heavier weight than alumi-

4. (May or may not have a seam) 4. (Usually has rings or ribbing
on the can and normally has
a paper label.)

NOTE: EXTRUDED STEEL
CANS HAVE NO SEAM, ARE
LIGHT WEIGHT AND HAVE
NO RIM AT BOTTOM. MAG-
NETISM IS THE ONLY RELI-
ABLE TEST FOR THESE.

Eut /tom) A 14',11 )4ifi1 Wa+h Admhing1011 r",toto 1h ihiftiti, 111.4 .I.,:og. 1,s111.1 I mtrol and R t .t Ituy PI °Kriel) 19.44. p )41,4
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MAGNETS AND METAPHORS
THE CAN MAN

THE CAN MAN
Hi! Let me introduce myself. I am an aluminum can. My name is Canbe Recycled,

and I'm here to tell you what happens when I meet the Can Man.

If you want to change the way you look, what do you do? (change clothes, make-up,
etc.)

When you want to buy new clothes, where do you go? (store, etc.)

When we beverage cans want to change our appearance, we do it a little differently
and we depend on people like you to help us. Let me explain by telling you about the
first time I met the Can Man.

It was a warm day, and I was resting in the grass after someone had finished drink-
ing my soda pop and tossed me there. I was getting hot and afraid someone might kick
me or throw me in a trash can never to be seen again.

Suddenly, my thoughts were interrupted by the voice of a man saying, "What have
we here? A throw-away can? You can't lie here in my yard!"

Well, Pete Neat picked me up and took me to his garage where he had a big trash bag
sitting in a box.

I was plenty scared, I tell you!

"Don't be afraid, little can," he said, "I'll take you to the Can Man and get you some
new clothes. We'll just recycle you. Won't that be nice?"

Then he put me into the bag with a lot of other cans like myself.

I didn't know what recycle meant, but I liked the idea of new clothes.

The next day, Mr. Neat took all of us to what he called a recycling center where we
met the Can Man. All of us were weighed, and Mr. Neat ffot some money for taking us
there.

"Good-bye cans," he said, "I hope you like your new clothes?' And away he went.

After he left, we cans were placed on a big moving belt and we passed under a mag-
net. All of us aluminum cans moved right over the top, but a few steel cans that were
there by mistake were attracted by the magnet and were dropped away from us.

19414 oo Iftiostirfiot u$ ti.1111'41 Het*,ofct
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MAGNETS AND METAPHORS
THE CAN MAN (cont.)

At the end of the ride, we all went into a shredder where we were cut up into little
pieces so we would take up less space. It felt a little funny, but it didn't hurt a bit.

Next we went into something called a smelter where we were melted into pure alu-
minum. Do you know that this process saves 95(7 of the energy needed to make new
aluminum from bauxite ore? And the reused aluminum is just as good as new metal!

Once we were liquid metal, we got our new clothesthat is, we were formed into new
products. I became a can again, but some of my friends became aluminum foil, and
some became baking pans and TV dinner trays.

Tomorrow I will go to the beverage company to be filled and taken to the store for you
to buy, but today I wanted to explain to you about the Can Man, and how you can help
all of us aluminum products get new clothes. That's what recycling meansit means to
save natural resources by giving them new clothes and using them again. When we
throw away, we waste.

All aluminum is recyclable. It takes only 24 cans to make a pound; if several of you
would work together, you could collect lots of cans and other things made of aluminum.

You can identify aluminum by using a small household magnet. The magnet will not
attract or stick to anything aluminum, but it will stick to anything made of steel. Re-
member: Magnets STICK TO STEEL.

I guess that's all I wanted to tell you todayexcept that we cans, just like .ou, really
love to get new clothes.

When you see us lying around empty. please rerele us so we can have new clothes to
wear. Otherwise, we get buried in landfills or we become ugly litter in yards and
streets.

Were counting on you to help clean up the environment. to save landfill space and to
save natural resources all at the same time by recycling. So pick me up the next time
you see me.

114,4t4 Moo Duirtnulit 1,1 tititural krmuurce.r.
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MAGNETS AND METAPHORS
UNDERSTANDING RECYCLING

Directions: For questions 1-5, put the letter of the correct answer in the blank to the
left of each question. There is one best answer for each question. Then write out an-
swers to questions 6-9.

1. The Can Man represents: (a) a recyclable can; (b) the person who saves
cans; (c) the person who recycles cans to make them new again; (d) the
person who changes clothes.

2. Canbe Recycled is: (a) the narrator of the story; (b) an aluminum can; (c)
a recycling machine; (d) "a" and "b".

3. As Canbe Recycled was placed with other cans, they moved up a belt to
be separated from tinned cans and bimetal cans by a: (a) magnet; (b)
shredder; (c) water; (d) "b" and "c".

4. When Canbe Recycled talks about getting new clothes, this is a meta-
phor for: (a) shredding cans; (b) the recycling process; (c) saving energy;
(d) looking funny.

5. When you recycle cans, you: (a) save landfill space; (b) are littering: (c)
save scarce resources; (d) "a" and "c".

6. What is a "narrator" as mentioned in question 2 above?

7. The "metaphor" in this story could be stated as follows:

Recycling is compared to

8. List other metaphors you can think of for recycling.

a. Recycling can be compared to

b. Recycling can be compared to

S
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SEPARATION MANIA 4CHAPTER

Objectives studviits win he able to: ill
describe the function of various separation tech-
niques in recycling processes: 121 make ddurtios
from data to dVSCriht. how physical properties of mat
ter enable v ;violas separation techniques to he used.
Students will intilm""' their ability to noire' proh-
/eMS.

Method Students describe physical proper.
ties of ten waste items on a data sheet. They are pro
seined %vith several it that can hi' used to
separate these items and are t Iwo directed to make
deductions from the information sheet to design a
separation process in stages, using tlw mechanisms
that had been introduced previously. Students work
in pairs or small groups to compete, leer tlw most Ai,
clout design which is put to the teat fir classmates to
observe anti to he judged.

Duration: s(,vera c1.1:;:: period,

Setting: Cla:sAl'00111

Subjects: Science

Curriculum Refrenc..e: 1.1. 1.4. 1.6

Preparation rulers. metric scales, a
magnetic device (preferably a bar magnet which
could he attached to a flat piece of womb, a small fan
with two speeds or a hair dryer with two speeds. an
aquarium tank or other large vessel for water, a size
sorter (a cardboard box at least. 1' by 1' with 2"
square holes cut in the bottom). another cardboard

box with flaps taken away but no hole's in it; for each

pair of students or for each small group, have the fol-
lowing items: aluminum can, tin can, several used
or unused staples, pieces of paper or pieces of card-
board, piece of wood, styrofoam container, plastic
two-liter bottle and the cup part from the bottle, an
orange peel, some steel bottle caps. Have extra
pieces of paper or cardboard on ha"ri.

Vocabulary propt'rt fit matter, rey
cling, sorting techniques

Handout Properties of Mode Objects

Procedures
1. Discuss the concept of properties of matter, ie.

size, shape. weight. susceptibility to magnet.
ism. Discuss the Unportane of sorting matri-
als according to type before they can he
recycled. Show students the pieces of paper and
staples. Explain how these often end up to-
gether at paper recycling plants and can be sep
armed based on the physical property of
magnetism in staples.

2. Explain how all of the items in this activity of-
ten end up at refuse facilities such as landfills
and incinerators. Sometimes materials which
art' combustible and organic are separated from
those be recycled or cannot burn.

3. Divide the class into pairs or small group:,. Give
each pair or group a set of items mentioned in
the Preparation. Discuss some physical prop
t'rt it's or the atoos.

4. Pass out a copy of the handout. Properties of
Mode Objects. to 11,301 pair or group of students
and have them complete it. To do so. they will
need to test the items in various ways in order
to make choices on the handout. For this. have
rulers, a tank of water, a magnet, a, box with
Mlles, and scissors at their disposal in various
places throughout the room.

\ 11;
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4 SEPARATION MANIA

5. After the charts have been completed, discuss
answers.

6. Display on a large table spatce the magnet, the
small fan or hair dryer, the vessel of water, the
size sorting de,ice (box with holes), scissors and
cardboard box.

7. Rased on information completed on the handout
assign the following task to each pair or group
of students.

GOAL: Use the equipment to construct a process
for separating all ten items individually. Do this
by designing separation techniques in a series
of stages. You must begin with all ten items in
one pile bunched up close together on the table.
You can pick up items to place them where you
want them to go each time you make a separa-
tion, but you cannot separate them with your
hands while using a separation technique. The
group that separates the items most efficiently.
i.e. in the fewest stages or with the most suc-
cess, wins.

EXAMPLE: You could do the following demon-
strations for students to give them ideas. Ask
students, based on their information sheet,
which items should float and which will not. Put
all ten items, as your first stage in the process,
in the water. Put those that floated on the table
in a separate bunch from those which did not
float. This represents the first stage ei- step to be
counted in the process. The next step(s) must in-
volve sorting items from each of the two piles.
Eventually you want to separate each item indi
vidually. The individual separation of one item
from the rest could happen in a first step de-
pending on design. Do another demonstration.
Use scissors to make a pile of shredded plastic
great the bottle) and of shredded paper. The
shredding process represents only one stage al-
though two types of material have been shred-
ded. Set the fan on the table in front of the
pieces of paper and plastic. Put the cardboard
box at end of table. Turn the fan on at a distance
from the pieces and at a speed which will blow
only paper into the box for perhaps only the
plastic if the paper is wet from having been in
the water). Now you have separated these two
items in two steps including the shredding proc-
ess. You have eight more items to separate!. Ex,
plain that you have deduced this step based on
information about the weight of the materials

listed on the handout. One important technique
would be one that separates the items into three
instead of two piles. You may also want to judge
designs based on energy efficiency by creating a
scale of energy required to use the various
pieces of equipment. The team using the least
energy could be given a prize.

N. Now direct pairs or groups of students to look
carefully at their information sheets, and de
sign stages in a process to separate all of the ma-
terials. (You could allow them to test parts of
their designs as they create them, but this will
require more time and perhaps more waste ma-
terials to do so, as material like paper could be
destroyed in testing.)

9. Have each pair or group of students present
their process to the class and judge which is the
most efficient and/or energy saving.

Evaluation
Hue : tudents explain what the following terms
mean and why they are important for recycling proc-
esses.

Air Classification System
Magnetic Separation Device
Water Separation System
Size Sorting Device
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PROPERTIES OF WASTE OBJECTS 4SEPARATION MANIA
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RECYCLING PAPER CHAPTER 4

1N:1E101E1)1,1TV.

Objectives Students will be able to de-
scribe physical changes required for the recycling of
paper. Students will improve their ability to manip-
ulate materials and equipment.

Method Students use screens, blender. scis-
sors and other equipment to make rough recycled
paper sheets from a paper pulp mixture. They read
and follow directions to guide them through the
process.

Duration: two to three periods if doing the ba-
sic procedure

Setting: classroom

Subject: Science

Curriculum Reference: 1.1, 1.5

Preparation Numerous items will be
needed and alternative ways of doing the activity re-
quire different items. So read over the steps in the
Procedures, including **ALTERNATIVE SUGGES-
TIONS", to decide which items you want to use from
the list below. Items for the basic procedure are
listed below with alternative or additional supplies
listed in pa.rnthesis.

a container for pulp: dish pan, wash basin,
bucket, or large bowl
something to grind paper into pulp: electric
blender Legg beaterthis enhances hands-on ap-
proach)
scrap paper: white, uncoated loose-leaf notebook
paper and paper towels work fine (Newspaper is
easy to pulp but ink causes final product to be
black. However, you could experiment adding
25(.i household bleach to the pulp solution.
Bleach will also promote breakdown of heavier
notebook and copy papers. Make sure you, and
not students, handle the bleach in demonstra-
tion fashion if this is done.)
wooden framed scree', representing a paper
mold: about 6" square, could use nylon window
screen and affix to back of wooden frame with
staples or tacks. An old picture frame will do.
(instant starch can be added to pulp mixture to
make paper stronger, but is not necessary)
scrap paper to dry recycled paper on (could use
plastic wrap)
(non-toxic food dye to add coloring)
warm water in plastic jug or other container
something to put pressure on wet pulp to
squeeze out water: a piece of paper pressed
against screen, or a woixlen block made to fit
over screen (Vim could also lay paper between
two sheets of plastic and move rolling pin or
pipe over it

Set up workstationts) for students to work in pairs.
A model workstation, in process order. could be as
follows: apronsbox of scrap paper to be recycled
jug with warm water beside blendercontainer for
pulp runoff and screen moldsscrap paper or
wooden block drying area. Cover all areas with a
good thickness of newspaper to protect surfaces, this
is a messy, but worthwhile. activity.

Vocabulary paper pulp, physical prop-
erties. process, recycle

Handout Instructions For Recycling
Paper

Procedures
1. Explain how recycling requires physical

changes in matter. What must happen to old pa-
per to make new paper out of it? tlt must be bro-
ken down into tiny fibers and mixed in water to
make pulp.) The physical properties of paper
such as its light weight, its fibrous texture and

1$0.14 °hitt ih-partnumi Naturtil R.romurg Nor:-r. I bnns Rogv.r.,l'itittlhark (Tenn I onnyunttt i'frlurntm,, (RI+ and 13in Id , 01.1'S
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4 RECYCLING PAPER

its ability to retain moisture for other chemi-
cals) in a mixture enable paper to be recycled.

2. Divide students into pairs or groups of pairs and
set up workstations as previously mentioned.

3. Give each pair of students an instruction sheet
to follow for making paper. Go over the instruc-
tions once and ask if there are any questions. (If
you have modified the process, you may need to
modify this sheet, make one of your own, or ex-
plain process orally.) Have students put on
aprons before beginning.

TIPS: Each pair of students should make two
samples of paper so each student has a sample.
As the pulp container fills up with pulp the
screens could merely be dipped in this solution
instead of making more pulp. However, this di-
minishes the hands-on nature of the activity
through the use of the mixing device. Therefore,
as the container fills up you could collect the
pulp and store in freezer for future use. RE-
MEMBER: do not pour pulp down a sink drain,
wrap in paper and throw in the trash if you
want to dispose of it.

4. When paper is dry have students make pictures
on them with crayons or magic markers and
tack on a bulletin board. REMEMBER: the pa-
per students will have made is not slick, shiny
white paper they usually write on. 'lb achieve
this quality at a paper recycling plant better
machines are used and some chemicals are
added to the pulp mixture.

5. In general, the recycled paper made in the class-
room is thicker, darker and grainer than ordi-
nary writing tablet paper. However, this
classroom recycled paper may have special
qualities for other purposes, such as packaging
for eggs or cereal. You could have students make
many pieces of recycled paper so they can exper-
iment with scissors, glue, tape, etc. to see who
can make the best box to protect an egg or to
package some other item.

ALTERNATIVE SUGGESTIONS

Changes in Equipment

Use egg beater instead of blender to make pulp.
Be sure to tear scrap paper into very small
pieces and to let these pieces soak overnight be-
fore beating.

lb promote paper breakdown when using a cov-
ered blender, add 25% household bleach to the
pulp mixture. You may want to add this yourself
as it can be harmful if not added properly by stu-
dents.

Instead of using paper or a wooden block to
press water out of pulp on the screen, use a roll-
ing pin, by placing wet pulp between two sheets
of plastic.

One way to enhance drying time is to place wet
sheet of paper pulp between two sheets of blot-
ter paper and iron with a clothes iron.

If you want to demonstrate the de-inking proc-
ess in newspaper recycling, add bleach to a pulp
solution of strips of newspaper and water. Then
strain pulp squeezing out ink in liquid and
blend in water again.

Experimenting to Achieve Different Results

Discuss with students how various physical charac-
teristics of recycled paper, such as thickness, color,
texture and strength could be changed.

Thickness: Increasing or decreasing the amount
of pulp poured onto the - screen will affect thick-
ness (so will pressure applied to rolling pin if
used to press moisture out). Increasing or de-
creasing the amount of scrap paper in water
mixture will also have an effect.

Color: To achieve a specific color recycle con-
struction paper scraps of the color you desire.
Or, add non-toxic fabric dye to pulp mixture.

Texture and Strength: Add two tablespoons of
starch to pulp mixture to see what happens.

Evaluation
1. Write the following steps from the recycling pa-

per activity on the board and have students put
them in correct process order.

mix paper and water into pulp
let paper dry
press water out of pulp
separate contaminants such as metal or
plastic from paper
pour pulp over mold screen
shred paper into small pieces

2. Have students write a paragraph about the
physical changes required to recycle paper. If
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RECYCLING PAPER

different variables (starch, bleach, dye, thicker
pulp, etc.) were introduced and compared with
the control samples, have students write up re-
sults.

3. Have students describe as many uses as possible
for recycled paper.



4 RECYCLING PAPER
INSTRUCTIONS FOR RECYCLING PAPER

Read the directions through once before beginning.

MAKING PAPER PULP

1. Take some scrap paper from the scrap paper box. Remove any plastic, staples or
other materials which are not paper. Tear paper into small pieces. (They need not be
tiny bits.)

2. Fill the blender half full of warm water and put a handful of torn paper into it. IM-
PORTANT: Do not turn on blender with the lid off! Put lid on blender and blend pa-
per until it turns to pulp. (This will happen quickly.)

PROCESSING PAPER INTO SHEETS

3. Hold the screen over the container while
your partner pours pulp over the screen.

4. Hold a sheet of paper (or wooden block) over
the pulp on the screen and press as much
water out as you can.

5. Turn screen upside down on top of the sheet
of paper (or wooden block) and lift screen
away.

DRYING WET SHEETS

6. Take your paper (or wooden block) with wet sheets on top to the drying area.

7. Let your paper dry for about 24-48 hours. When dry, peel the newly formed sheet of
the paper or wooden block.

1988 Ohio Department al Natural fiesourrea
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RECYCLING PLASTIC 4CHAPTER
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Objectives Students will be able to: ( I)
identify and describe physical changes in matter
which are required in recycling processes involving
plastic, glass, aluminum and other metals; (2) ex-
plain why plastic is difficult to recycle. Students im-
prove their ability to observe changes.

Method Students participate in a demon,
stration to recycle plastic using the cup part of two
liter plastic pop bottles. They manipulate! tools to cut
plastic, to make an impression on a mold and to
make decorative use of the ornamental piece of plas-
tic made from the recycled plastic. They complete a
handout using different words that represent differ-
ent types of plastic.

Duration: two to three periods

Setting: classroom

Subjects: Science, Language Arts,
Arts & Crafts

Curriculum Reference: 1.3, 1.5

Preparation You will need the following:

non stick kitchen spray
conventional or toaster oven
pot holder
wash basin
sealing wax stamp

For the language arts part of the activity you will
need a plastic garbage bag and dict ionaries. at
would help to have dictionaries that list words from
organic chemistry such as vinyl. chlorine and po-
lyethylene.)

Vocabulary organic chemistry, petro
leum, physical changes, plastic, prefix, recycling,
suffix

Handout wpm. in Organic Chemistry

Procedures
1. Discuss changes in the physical state of matter

with students. Pay particular attention to the
changing of solids into liquids through the ap-
plication of heat and then changing back to a
solid by diminishing heat. Have students think
of examples: candle wax is first solid until wick
is lit. Then it becomes a liquid form at the top of
the burning candle, yet as wax runs down the
side it escapes the heat thus hardening into
solid form again. Make note., that before drip-
ping wax hardens completely it can he shaped
without breaking. Other examples of heating
materials. forming them into shapes while hot
and then allowing them to cool into a solid state
again include aluminum recycling of aluminum
cans, glass recycling of glass bottles and the re-
cycling of ferrous metals from old automobiles
into steel rods used in concrete construction.

2. Divide students into groups of six. Have each
group obtain some empty two-liter plastic pop
bottles, and have them remove the bottom cups
from these.

3. Using scissors, have students cut up the plastic
bottom cups into small pieces (about 1/2 inch
square). Do not use plastic pieces that have glue
on them. At least ten pieces for each student in
the group should be cut.

4110

two-liter pop bottles with plastic bottoms
scissors
teflon-coated muffin pans
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4 RECYCLING PLASTIC

4. Preheat oven to 400' F. Spray the muffin pan
with non-stick kitchen spray.

5. Students should place all of their pieces in one
of the muffin pan cups. (About ten pieces of plas-
tic are enough to cover the bottom of a cup. but
add more if bottom is not covered.)

6. Place the pan in the oven. Check every kw min.
utes. When plastic has melted, use pot holder to
remove the pan from the oven.

7. One at a time, have each student from the group
use the wax stamp to make an imprint on the
plastic. BE CAREFUL NOT TO TOITCH THE
PAN, IT IS VERY HOT!

6. Dip pan in wash basin full of cold water. Mast it
pieces can be' easily removed from the pan.

9. Repeat process with the other groups.

REMEMBER: There are many different colors
of plastic bottle bottom cups available. You may
mix any colors you like. Be creative. The plastic
pieces can be put on a necklace or used as orna-
ments. Different shaped pans can he found and
used to create different shapes. tBe sure pan is
teflon coated and used with non-stick spray.)

10. Ask students why only the bottom plastic cup
part of the bottle was used in this activity. By
observing the bottle they should he able to de
duce that the cup part appears to 1w made from
a different type of plastic than the bottle part.

This means that the two types of plastic may
have different physical and chemical properties.
In terms of physical properties of matter, the
translucent plastic bottle part melts at a much
higher temperature than the bottom part. In
terms of chemical properties of matter, the bot-
tle part releases poisonous fumes if burned at
high temperatures.

11. Note that one of the problems with plastic recy-
cling is that there are many different types of
plastic, requiring different recycling processes.
So it is important to separate different types of
plastic before recycling.

12. To help students understand the variety of plas-
tics that can be made by combining chemical el-
ements into other compounds and mixtures,
give each student the handout, Words In Or-
yank. Chemistry, to complete.

Evaluation
1. Have students list in writing the physical

changes they made in the plastic cup to recycle
it.

2. List these two words on the board with their def-
initions:

ISOFORM RECYCLING - material is recycled
to make the same or similar product

HETEROFORM RECYCLING - material is re-
cycled to make a different product

Ask students: When the two-liter bottle cup was
recycled in the activity, was that an example of
isoform or heteroform recycling? Why? thetero-
form recycling)



RECYCLING PLASTIC
WORDS IN ORGANIC CHEMISTRY

Plastic two-liter pop bottles are made of two types of plastic. The bottle part is made of
POLYETHYLENE TEREPHTHALATE (or PET). Can you pronounce these two words?
(See bottom of page.) The cup part is made of HIGH DENSITY POLYETHYLENE (or
HDPE).

1. What prefix is found in the word POLYETHYLENE?

2. What does it mean?

3. Therefore, POLYETHYLENE is a plastic material which includes
units of ETHYLENE.

4. If a plastic material is called MONOETHYLENE, how many units of ETHYLENE

does it have?

Plastic products are also made from materials with names resembling ETHYLENE,
such as STYRENE and PROPYLENE.

5. What suffix do these three words share?

(This suffix refers to the way these types of plastic are made which gives them
strength.)

6. If plastic made from STYRENE included more than one unit of STYRENE, it

would be called ,

Density relates to the compactness of matter.

7. What do the words high density mean?

8. What does low density mean?

Compare a plastic garbage bag to the cup part of a two-liter bottle.

9. Which one is made of low density Polyethylene?

10. All of the chemical words used above can be found in an organic chemical dictio-
nary. Why are they found in an organic chemical dictionary and not an inorganic
chemical dictionary? (HINT: Look up words organic and inorganic and look up the
word plastic to find out what plastic is made from.) Write answer on back.

POLYETHYLENE (pal e eth' aleni) TEREPHTHALATE (ter' efthal` au
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THE SHAPE OF RECYCLING CHAPTER 4

IN MU MEIMA

Objectives Students will be able to: (1)
describe the role of mold making in recycling proc-
esses; (2) explain why mold making requires a physi-
cal change in matter. Students improve their ability
to make analogies.

Method Students follow directions to ma-
nipulate equipment and materials to make an Object
by pouring melted crayons into a mold. Students ob-
serve and analyze the crayon recycling process and
evaluate it. They interpret the process as analogous
to the recycling of different materials.

Duration: two class periods during each of
three days

Setting: classroom

Subjects: Science, Language Arts

Curriculum Reference: 1.3

Preparation Divide this activity into
three days or make adjustments in the descriptions
below accordingly. Save old crayons and start col-
lecting materials at the start of the year.

MATERIALS REQUIRED FOR DAY ONE:

old broken crayons (the scrap materials), hand pen
cil sharpeners or scissors, newspaper, two 1/2 pint
milk cartons per group of two students

MATERIALS REQUIRED FOR DAY TWO:

plaster of Paris, water, petroleum jelly, one straw per
group, paint paddle or other stir stick, two one-quart
milk cartons per group, newspapers, whole new
crayons with the paper removed, and scissors

NOTE:You may need to have five milk cartons on
hand, per group, because some cartons may
become damaged as molds are made and re-
moved.

MATERIALS REQUIRED FOR DAY THREE:

both molds made in day two, chipped crayons from
day two, a hot plate or similar heat source, rubber
bands, a double boiler or old pan, hot pad holder, pe-
troleum jelly

Vocabulary analogy, evaluate, mold,
physical changes, recycle

Handout Evaluating a Recycling Process

Procedures Before beginning activity,
discuss with students physical changes in matter in-
volving materials that can change from a solid to a
liquid to a gas, depending on the application of heat.
Show them how a liquid takes the shape of the con-
tainer it is in. Then ask in what. state(s)solid, liq-
uid or gas--is it usually easiest to make changes in
the shapes of materials. (liquid since liquids take the
shape of whatever container you put. them in) Dis-
cuss concept of shaping material with molds, espe-
cially in the glass and plastic container industry.

DAY ONE: Students will work in groups of two.
They need to sort the crayons by color and remove
any paper on the crayons. Then have them scrape
the crayons into slivers or chips using the hand pen-
cil sharpener or scissors. Collect savings in cut-off
milk cartons.

DAY TWO:

1. Students use scissors to cut away one side of one
of their milk cartons. This will be called Carton
A.
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THE SHAPE OF RECYCLING

2. Students cut the top off the other carton ito be
called Carton B).

section
cut .lea
out

3. Students will fill Carton B half full of water.
Slowly pour in plaster of Paris, stirring with a
paint paddle or stick, until it is as thick as soft
cream. Pour the plaster into Carton A until it is
half full or at least 3 times deeper than the di-
ameter of a crayon.

4. Have students cover the whole new crayon with
a thick coat of petroleum jelly. Then place it in
the plaster of Paris in Carton A press into
plaster until half the crayon is submerged
lengthwise let harden.

5. After the plaster has hardened, have students
remove the crayon from the mold. Then they re-
apply petroleum jelly to the crayon and also to
the top of the mold they just made. They will
then replace the crayon in the mold. One mem-
ber of the group will hold a straw on top of the
crayon, while the other member pours a new
mixture of plaster around the straw covering
the crayon and mold they made in Step 4. This
layer should be three crayons thick. As the mold
hardens, students should press the newly form-
ing mold around the straw with a tongue depre-
ssor or stick (or spoon) to make a depression.
(Later this will act as a funnel.)

When the top mold hardens the two molds
should be separated and the crayon removed.

111= top mold

bottom mold

DAY THREE:

I. Students will coat the molds with petroleum
jelly, place both halves together and fasten with
rubber bands.

2. The teacher will melt the crayon chips the stu-
dents provide in a double boiler or old pan. (Let
the students determine when enough "scrap"
material is in the pan to make a "new" crayon.)

3. When the crayons have melted, the teacher will
pour the liquid into the students' mold.

4. After the mold cools, the students can examine
the recycled crayon.

5. 'lb evalute their success have students complete
the handout, Evaluating a Recycling Process.

6. Students could design and make a cover for
their crayon out of construction paper, etc.

Evaluation
Check students' answers to question #5 on the hand-
out.
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THE SHAPE OF RECYCLING
EVALUATING A RECYCLING PROCESS

I. List the physical changes that occurred to the old crayons during the recycling
process. (Could be changes in color, size, shape, etc. and in physical state, i.e. solid,
liquid or gas.)

2. Do you think your recycled crayon was a success? Why or why not?

3. How could the technique be improved to make a better crayon?

4. List other possible uses for scrap crayons.

5. On the back of this page, explain how your process of making a mold, and how the
problems you had, could be similar to the recycling of other materials such as.glass,
plastic and metal. Refer to encyclopedia to see how the mold process is used in mak-
ing these materials.

;4on4 Ohm Department n Natural Iteanurcen



TO BURN OR NOT TO BURN CHAPTER 4

INTERN1Eln ATE

Objectives Students will be able to: (1)
distinguish combustible items of refuse from non-
combustible items; (2) explain how refuse can he
used as fuel; (3) analyze the consequences of burning
garbage and suggest alternatives. Students will im-
prove their abilities to observe demonstrations and
to hypothesize.

Method Students make hypotheses about
the combustibility of various refuse items and then
observe demonstrations that test. their hypotheses.
They complete a handout to enhance their under.
standing of energy recovery.

Duraiion: three to five periods

Setting: classroom, outdoors

Subjects: SOVIICV, Language Arts

Curriculum Reference: 1.2, 1.5

Preparation Collect the following: an
empty soup can for each waste item you decide to use
in the demonstration, a candle, matches, tongs, pot
holders. You will also need examples of different
trash materials to be tested for combustibility (pro-
vision for seven items is made on the handout).
Trash materials should include the following: some
bits of paper. pieces of broken glass or small glass jar,

a piece of metal can emight want to include alumi-
num and tint, piece of aluminum tall, some pieces of
plastic and of styoloam (NOTE: PLASTIC OR STY.
ROFOAM SI IOULD NOT BE BURNED INDOORS).
and some organic garbage such as apply skins. or-
ange rinds, cheese. For the additional demonstra-
tion. STEPS 6-9 in the Procedures descript ion. you
will nee d the, following:

outdoor barheelue
some type of model of steam generating energy
mechanism (e.g. a can of water with a tight lid
anti small outlet hole for steam; hook up wind-
mill toy close to hole to produce motion);
cardboard strips anti wood chips or shavings and
paper dots enough to burn a while, to generate
steam ii' a vessel t;
plastic items and styrolOatn:

Vocabulary weir pIlatain.
ene4ty recovery, fuel, noncombust

Handout Combustible or NW Energy
Recovery

Procedures
1. This activity is a teacher demonstration. (You

might wish to use goggles and have a fire extin-
guisher on hand for safety.) On a protected sur-
fact' place' the' soup cans in a row with labels
naming each of the items to he tested. Place
waste objects to be' burned in front of the cans. A
pot holder and a pair of tongs should be availa-
ble, to grasp hot items.

Have students assemble in groups of three to
complete a prethinking exorcise. Give a copy of
the handout, Combustible or Not? to each group
of students. Ask them to predict and discuss
which waste items in front of the cans will burn
and which will not burn. Explain the terms
"combustible- and "noncombustible:. Encour
.tge students to work together and to support
their answers. After the pro hinking exercise,
students should be encouraged to observe a
teacher demonstration.

3. Allow students to observe the burning or the
noncombustibility of each item as it is held over
the candle' flame. Drop the burned or hot items
in their respective cans after you finish testing
them.

19h14 Ohm INT,,,11{,1111 :I,: .4( lit- ,111.11.- t,4 111111 .% Li! AP. I t
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TO BURN OR NOT TO BURN

4. Show contents of cans to st..dents or dump con-
tents out after they have cooled. Have students
check their initial inferences to see if they were
correct or not in each case.

5. Ask students why it is important to classify
refuse into categories of combustible and non-
combustible. If trash is combustible it can he
burned to reduce landfill space. Since trash can
be burned it can also he used to generate heat or
electricity. If you can, continue with a demon-
stration outside to prove this, or move on to Step
10.

6. Outdoors, prepare two sample's of fuel: one' of pa
per and wood and another of 112 paper and wood
and 1/2 plastic items. Make sure both piles
weigh the same.

7. Set steam generating mechanism on grill and
burn enough paper and wood to generate steam
to turn the windmill. Time how long it takes to
produce steam. Stunt he:- tire.

8. Then burn paper fuel with plastic material.
Have everyone stand back so vapors are not in.
haled. Time how long it takes to turn the wind-
mill. You may also wish to collect the ash
residue from the two samples and compare
weight and volume) before and after burning.
Incineration reduces the weight of refuse as
much as 75 to 80f4 in most cases.

9. Return to class for questions. Begin by com-
paring the two fuel sample's. Which one gener-
ated heat the quickest? (should he sample with
plastic as plastic burns hotter than paper or
wexxl) Which sample created the most pollution?
(sample with plastic) What type of pollution was
this? (air pollution)

10. Explain the process of generating energy with
steam by giving each student the handout, En-
ergy Recovery, to complete. Discuss and review
student answers.

11. Mention to students that refuse can provide
other sources of energy. Ask if anyone knows
what these could be. A type of easily combusti-
ble gas called methane eventually collects in a
landfill. This gas can be piped out, collected and
used through natural gas pipelines. Composting
is also a form of energy recovery because it pro-
vides stored energy in the form of nutrients
which plants change into energy to grow.

Evaluation Have students write out an.
swers to the following questions:

1. Most metal and glass burn at such high temper-
atures that they are considered noncombusti-
bles in the waste stream. Why is this a problem
when disposing of these items? What could we
do with metal and glass if we sorted it from the
burnable trash? (Recycle)

2. When we burn refuse, what is one good environ-
mental impact? What is one possibly harmful
environmental impact? (Good impacts include
saving landfill space and recovering energy. A
harmful impact is the creation of air pollution if
filtering process is not efficient.)

4

A.
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TO BURN OR NOT 'ro BURN
COMBUSTIBLE OR NOT?

Directions: Name the items of refuse and tell whether you think they will burn or will
not burn by writing the word combustible (if the object will burn) or noncombusti-
ble of the item will not burn) in the parenthesis to the right of each item name. Then
for each object, tell why you said it was combustible or noncombustible.

ITEM:

WHY?

ITEM:

WHY?

ITEM:

WHY?

ITEM:

WI UV?

ITEM:

WHY?

ITEM:

WHY?

ITEM:

WHY?

)

)

)
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1. BURN OR NOT TO BURN

a
ENERGY RECOVERY

Ammilmilingmmse

Why is the burning of fuel important fur your life at home? Look at diagram below.
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2. What are some fuels that can be burned in a furnace to produce steam?

3. What happens when we burn fuel that can cause harm to the environment': Are
some fuels better to burn than others?

4. What do you think can be done when burning fuel to lessen pollution?

5. Why is burning refuse to make electrici' y called "energy recovery?"

41hPlihrluirtritroi NAtutal RY,K4Ittra.

4_ ;
122



Chapter 5

Recycling and Saving Resources



RECYCLING AND SAVING
RESOURCES CHAPTER 5
Recycling Materials for Manufacturing

The recycling of waste materials has many benefi-
cial environmental effects: it saves energy and re-
sources; it extends the life of our landfills; and it
reduces pollution and waste. Recycling is an indus-
trial process involving the use of waste products as
sources of raw materials for manufacturing.

There are two types of raw materials: primary and
',ondary. When virgin resources, such as iron-ore

or trees, are used to manufacture products (iron and
paper), these raw materials are called primary ma-
terials. When recycled products are used in manu-
facturing as raw materials, they are called
secondary materials. When recycled materials are
used in manufacturing processes, both virgin re-
sources and energy are saved.

Saving Energy

The la: + industrial consumers of energy in the
s are industries that produce primary

mate. as iron, steel, aluminum, copper, pa-
per, plazt.:-: and glass from virgin resources. These
industries use more energy than industries that
make final consumer products such as food cans,
beverage containers and newspapers from steel,
sheet aluminum and newsprint. Therefore, using
secondary (recycled) materials in the making of
glass bottles, aluminum cans, newspapers and the
like circumvents some of the most energy intensive
steps in the making of a product.'

For example, the production of steel from recycled
ferrous metal saves the energy used in mining iron
ore, coal and limestone, which are the raw materials
required for the production of virgin steel. The en-
ergy required to produce a pound of virgin rubber is
15,700 BTU's, while production of an equivalent
amount of rubber from recycled rubber requires
4,600 BTU's. This represents a savings of '0 per-
cent. Thousands of kilowatt-hours of electrici ty are
needed to make each ton of aluminum from bauxite,
while using recycled aluminum requires only two to
four percent as much electricity, representing more
than a 95 percent savings in energy.

Other household recyclable materials such as news-
papers, glass bottles and jars, and plastic bottles also
reduce energy consumption when used as secondary
materials in manufacturing processes. Paper made
from recycled paper instead of virgin wood pulp re-
quires 64 percent less energy to make. Making glass
from recycled glass saves the energy required to fuse
the primary raw materials used to make glass: sand,
soda ash and limestone. Recycling plastic bottles
into new products saves from 50 to 60 percent of the
energy that would be required to make the same
products from virgin material.

As recycling saves energy it also saves nonrenew-
able natural resources in the form of fossil fuels used
to produce energy. Fossil /keels are primarily oil. gas
and coal. Use of fossil fuels in industrialized coun-
tries accounts for about 90 percent of global commer-
cial energy requirements:

Saving Resources

Not only is energy saved by recycling, but valuable
natural resources, used in the manufacturing of
products, are saved. For each ton of scrap used in
making new iron and steel, one and one-half tons of
ore are saved. One gallon of waste oil can be recycled
to make two and a half quarts of recycled motor oil,
while it takes 42 gallons of high quality crude oil to
produce the same amount. The recycling of alumi-
num saves bauxite ore and the recycling of synthetic
rubber and plastics saves petroleum. When paper
and glass are recycled energy savings are perhaps
more important than direct natural resource sav-
ings. This is because sand used to make glass is in
plentiful domestic supply and wood pulp used in
making paper comes from trees, a renewable
resource.

What is most important about recycling is that it
saves nonrenewable resources in two ways. It saves
nonrenewable resources such as bauxite, iron-ore
and petroleum that are ust.d to make materials, and
it saves nonrenewable fossil fuels used to provide en-
ergy to process these materials.

Per capita, the United States and Canada are the
biggest consumers of energy and resources. Just how

'Energy savings in the production of a manufactured good from recycled materials is figured by adding all energy inputs, including the
pr sing and transportation of fuels and raw materials, mining costs, heat and light for operating facilities, etc., and subtracting from
this figure the energy required to recycle used materials to produce the same unit of basic materials.

"World Resources 1986: A Report by the World Resources Institute and International Institute for Environment and Development, (New
'Ark: Basic Books, Inc., 19813), p. 103.

g
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RECYCLING AND SAVING RESOURCES

Background Information

many world resources are consumed by people in the
U.S. is highlighted by the fact that the United
States has 6 percent of the world's population and
uses between 40 and 50 percent of the world's nonre-
newable natural resources. Most countries in the
world, because of economic and technological limita-
tions, cannot afford to consume the large amounts of
nonrenewable resources that developed countries
use. (Most people in the world depend more on wood
than Any other single energy source for their daily
energy needs..1 Yet, as nations continue to develop,
they will increase their consumption of nonrenew-
able resources to run machines and to manufacture
products. This creates more competition for re-
sources that become more scarce. In fact, many
higher grade ores are becoming difficult to find be-
cause of their use in large quantities to meet world
demand for manufacturing products. As more na-
tions compete for existing resources, conflicts will no
doubt increase, which will require an environmental
ethic to protect both people and resources from being
exploited.

Saving the Environment

The potential benefits of recycling extend beyond
saving nonrenewable resources and energy costs.
Recycling also reduces pollution and waste. Much of
the world's pollution and waste comes from the re-
fining and production of primary materials which
are circumvented by recycling. For example, using
ferrous metal scrap from recycled automobiles, ap-
pliances and food containers instead of iron ore to
make new steel products means an 86 percent reduc-
tion in air pollution, a 76 percent reduction in water
pollution, a 97 percent reduction in mining waste
and a 105 percent reduction inconsumer wastes that
might otherwise go to a landfill. Regarding the
processing of aluminum, large quantities of mineral
wastes are gent rated when making aluminum from
bauxite, while making aluminum from aluminum
scrap produces almost no waste. Pollution and waste
from extracting and refining operations is increas-
ing because more lower grade ores are being used in
Production due to the scarcity of higher grades. Re-
cycling as a method of resource recovery will in-

crease in importance given the scarcity of easy-to-
refine materials.

Saving Resources by Burning Waste

Recycling waste materials is not the only way to
save resources. Another way to use waste is to re-
cover energy directly from it. This is done through
energy recovery systems that burn waste to produce
steam or electricity or a combination of both. When
combustible waste is burned to produce steam from
a boiler, 2.5 to 3 pounds of steam is generated per
pound of waste.' Boilers heated by burning waste
can also provide input to a steam turbine for the gen-
eration of electricity. About 400 to 500 kilowatts are
generated per hour per ton of solid waste."

Sometimes instead of burning waste directly, a type
of fuel called refuse derived fuel (RDF) can be made
from waste and burned in boilers especially con-
structed for RDF. RDF can also be burned as a fuel
supplement with coal. RDF is usually made from pa-
per, light plastics and yard waste. Plastic has a very
high BTU value, about 12,000 to 20,000 BTU's per
pound as compared to wood at 9,000 BTU's and raw
municipal solid waste at 5,000 BTU's.

Energy recovery, like recycling, conserves natural
resources. When used as a fuel supplement, solid
waste can help save resources used in the production
of energy. If all materials and potential fuels in mu-
nicipal solid waste could be recovered and recycled,
it is estimated that about 2.6 percent of the nation's
energy use could be met or avoided.' 'lb this must be
added the conservation of landfill space when waste
is burned rather than buried and the worldwide con-
servation of nonrenewable resources.

The Incineration Controversy

Any time materials are burned, chemical chances
result in the creation of ash and gases whichcan pol-
lute the environment. Some materials when burned
create especially harmful substances. For example,
dioxin is produced from the combustion of materials
containing chlorine compounds. These materials in-
clude plastics, table salt and bleached paper. Some

'Ibid.
'Mines Above Ground, Institute of Scrap Iron and Steel (Washington C.C.).
°Calvin R. Brunner, "Small-Scale Resource Recovery: An Overview" Waste Age, (November, 1985), pp. 57-60.
'Ibid.
'Christopher Hill and Charles Overby, "Improving Energy Productivity Through Recovery and Reuse of Wastes," Energy Conservation
And Public Policy, ed. Jahn Sawbill (Prentice Hall, 1979), p. 175.

126



RECYCLING AND SAVING RESOURCES

Background Information

types of dioxins are among the most toxic molecules
known, capable of weakening the human immune
system and affecting fetal development.' Other toxic
agents produced by burning solid waste include acid
gases such as hydrogen chloride and hydrogen fluo-
ride and contributors to acid rain such as sulfur
dioxide and nitrogen oxides. These potentially toxic
substances are often found in air emi.ssions."

Incinerators' ash residues consist of fly ash and bot-
tom ash. Bottom ash is heavier and is collected at
furnace grate level. Lighter fly ash floats in furnace
heat and is collected at a higher point. Both are
quenched in water and landfilled. Fly ash often con-
tains toxic metals, including lithium, cadmium,
mercury, lead, chromium, copper and nickel. The
toxic metals come primarily from batteries in solid
waste, and are a potential source of groundwater
pollution. Their concentration in incinerator ash
must be monitored and minimized. Landfills in
which incinerator ash is placed must be securely
lined and not sited over aquifiers.

Modern incinerators and refuse-to-energy plants can
be constructed and operated so that harmful emis-
sions and residues are reduced considerably. Some
measures that can be taken include use of state-of
the-art furnaces and flue gas controls such as scrub-
bers and electrostatic precipitators, and preliminary
separation of waste materials that result in poten-
tially harmful substances when burned.

Exactly what measures should be taken to prevent
pollution by waste incineration is uncertain for no

nationwide emission standards have been estab-
lished for waste-to-energy plants in the United
States, nor are there federal guidelines on permissi-
ble dioxin levels.'" Sweden, where half of all trash is
burned, is one of the few countries to have estab-
lished strict dioxin emission standards. By Swedish
standards only one of the 70 operating resource re-
covery plants in the United States approaches safe
operation for the environment."

Another uncertainty is that we do not know how
much dioxin in the air is contributed by waste burn-
ing facilities. Other suspected sources include auto-
motive exhaust, pentachlorophenal preservatives
and industrial emissions.I2 Considering that the
same amount of dioxin is found in human tissues of
people living in rural areas as is found in the tissues
of people living in urban areas where refuse inciner-
ators are usually located, automotive exhaust can be
theorized to be the greater source of dioxins.'"

There are so many uncertainties about how dioxin
forms and how it can be eliminated that it is wise to
proceed with caution. However, the design and con-
struction of refuse-to-energy facilities is increasing
in the United States as a quick, albeit expensive, fix
is sought for the refuse problems of large cities."

In the near future, or until we know more about the
pollution problems created by burning waste, a sen-
sible approach to waste problems appears to be the
implementation of ways to reduce the amount of
waste requiring disposal, with particular emphasis
on reducing consumption, reusing materials and re-
cycling materials.

"Cynthia Pollock, Mining Urban Wastete The Potential For Recycling, Worldwatch Paper 76 (Worldatch Institute. 1987), p. 18.
0`A Burning Question: What To Do With Garbage," trunsAtlantic PERSPECTIVES 16 (Autumn, 1987, p. 6.
"Cynthia Pollock, Mining Urban Wastes, ibid., p.
"A Burning Question: What To Do With Garbage," transAtlantir PERSPECTIVES, ibid. p. 3
"Carolyn S. Konheim, "Conference report ," Waste Age 17 Novemtier, 1986). p. 76.
"Carolyn S. Konheim, "Dioxin Exposure and Motor Vehicle Emissions," Waste Age 17 November, 1986), p. 70.
"In 1987 Waste Age compiled a list of .350 waste-to-energy facilities and plants in the United States, including refuse-toenergy plants
which have been operational for 10 years as well as those in the early planning stages. "The Waste Age lieftise-to-Eriera Guide," Waste
Age 17 (November, 1986), p. 19'7.
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THE ORIGINAL SOURCE CHAPTER 5

Objectives Students will be able to: (1)
classify waste items by the materials used to make
them; (2) identify natural resources used to make
processed materials; (3) distinguish renewable from
nonrenewable resources used in making materials;
(4) infer that recycling saves resources. Students will
enhance their abilities to find information in refer-
ence sources and to cooperate in groups.

Method Waste objects are discussed and
classified according to the processed materials con-
tained in each one. In groups, students compete to
find information about the natural resources used to
make processed materials. In a follow-up assign-
ment, students find all the possible resources used to
make their favorite object and they explain how re-
cycling saves resources.

Duration: three to four class periods

Setting: classroom and home

Subjects: Science, Language Arts

Curriculum Reference: 2.2

Preparation Have on hand a variety of
consumer items such as bottles, cans, wrappers,

bags, rags, paper products, representing the follow-
ing materials: plastic, glass, tinned steel, alumi-
num, wood and cloth. (Students could bring in these
items from home or you could arrange a cleanup of
the school grounds.) Also needed an, writing materi-
als and reference sources, especially an encyclope-
dia; a magnet; several boxes, one labeled "landfill"
and the others labeled "plastic," "glass," "ferrous
metals," "non-ferrous metals," "wood pulp," and
"cloth."

Vocabulary aluminum, classify, cloth,
ferrous metal, glass, metal, natural resource, non-
ferrous metal, nonrenewable resource, paper, plastic
processed materials, renewable resource, steel,
tinned steel, wood

Handouts What Materials? What
Sources? Materials and lbur Favorite Object

Procedures
1. Place all objects in the box marked "landfill"

and explain how they often end up being buried
in the ground. Mention that one alternative is
to recycle many of these items.

2. Have each student, or several selected students,
come up to the "landfill" and pick out one item.
Ask them to put it in the appropriate materials
box depending on what they think is the mate-
rial used to make the item. Discuss with stu-
dents if they do not know the answers. Have a
magnet on hand to distinguish tinned steel cans
and other steel objects from aluminum. Explain
the difference between ferrous metals and non-
ferrous metals and discuss briefly how pro-
cessed materials are made from natural
resources. (This is as far as you may be able to
go with primary students.)

3. Have students divide into groups. Give each
group thc handout, What Materials? What
Sources? and tell them to complete Part A. Dis-
cuss answers. Ma" answers are possible as
items such as bat..., and cans can be made from
different materials.

4. Have groups compete to complete Part B of the
handout. Provide them with as many reference
resources as possible. After completing this as-
signment discuss anrwers and identify re-
sources on the handout as either renewable or
nonrenewable.

(Min 1)partment at Natural tteNeureee, source' IA Ma Campbell. Cate.tady Elementary ICalumtsua, Oh.
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5 THE ORIGINAL SOURCE

5. Discuss how recycling saves natural resources
(requires less energy and fewer natural re-
sources).

6. Ask students to name products that are made
from more than one material. For example, bi-
metal cans (aluminum and steel), gloves (cloth
and plastic), toy airplane (plastic and/or wood
and/or metal) are among just a few consumer
products that are often made of many different
materials. Explain how it is harder to recycle
products that are made ofmany different mate-
rials because materials must be separated be-
fore they can be recycled.

7. Give students the handout, Materials and lbw
Favorite Object Have them complete Part A at
home and bring the handout back to class. Dis-
cuss their choice of object: why it is their favor-
ite thing and what materials were used to make
it. See which student has listed the most materi-
als. Then have students complete Part B of the
handout using reference sources.

8. Explore the following questions with students.

What had to be done to the natural re-
source(s) before it (they) became part of your
favorite object? (extracted from the earth,
cut up, shipped, etc.)

How and where was your favorite object
made?

Where did it go after it was made?

Other than natural resources used to make
materials in your object, what other natural
resources may have been used in the produc-
tion and distributidn of your favorite object?
(energy costs to produce materials, to make
the object, and to transport it to market, etc.)

Evaluation Make cards with product
names on them: "glass bottle," "aluminum can,"
"plastic cup," etc. Have each student pick a card and
tell orally or in writing what natural resources were
used to make the product, including resources for en-
ergy and transportation.
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ko Directions: PART A Classify each item from the "ITEMS" list below by writing it in the box beneath the ma-
terial used to make the item. PART B Find and list the natural resource(s) used to make each material listed
in Part A.

ITEMS: Soda bottle, pop can, sock, nail, magazine, 6-pack ring holder, rag, napkin, beer can, mustard jar,
candy wrapper, syrup bottle, paper plate, foil, window, cardboard box, tent stake, pie pan, cooking
pan, soup can, door knob.

WOOD (PULP)

1

1

GLASS PLASTIC ALUMINUM

NATURAL RESOURCES

TINNED STEEL
(STEEL)

CLOTH

1



THE ORIGINAL SOURCE
MATERIALS AND YOUR FAVORITE OBJECT?

1. What is your favorite object? It could be a toy, tool, machine or other object you are fond of. Observe
the object closely. Draw a picture of it in the box, and beginning from areas outside the box draw an
arrow to each part. of the object. At the beginning of each arrow write the name of the material from
which each part was made.

2. List all of the materials used to make your favorite object and find out what natural resource was
used to make each material. (Use encyclopedia and/or handout completed in class.!

MATERIALS NATURAL RESOURCE

(Continue on back of page if you have more materials aiidiesO"urci. to flit. t
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RESOURCES IN THE LIFE
OF A NEWSPAPER CHAPTER 5

41111
Objectives Students will be able to: (1)
describe the energy and resources required to make
newspaper; (2) identify energy and resources that
are conserved when newspaper is recycled. Students
will improve their abil: .ies to infer and to make
deductions.

Method Students list energy and resources
used in the making of paper by observing a diagram
of the paper making process. They identify further
energy and resource requirements in the life of
a newspaper by listening to more information.
They suggest alternatives to ending the life of a
newspaper.

Duration: three to four class periods

Setting: classroom

Subjects: Science, Language Arts

Curriculum Reference: 2.1, 2.2

Preparation writing materials and
encyclopedias

Vocabulary energy, process, natural
resources

Handouts Energy and Resources in
Newspaper Making; Making Paper; Sequencing the
Life of a Newspaper-, and a reading story, Printing
and Delivering a Newspaper

Procedures
1. Explain how natural resources, electricity and

fuel are needed to make products: to provide
raw materials, to run machines, to make ma-
chines,to heat factories, to deliver products, etc.

2. Have students complete the handout, Energy
and Resources in Newspaper Making, using the
diagram handout, Making Paper. Note that
there are many possible answers depending
upon what students infer. Most of the stages of
the process can be traced back to the sun's en-
ergy. You may want to distinguish renewable
from nonrenewable resources the students men-
tion (e.g. sun and trees are renewable, oil and
iron ore are nonrenewable). Also, there may be
other considerations not depicted in the dia-
gram (e.g. electricity to heat the mill and to run
lights to see the machines), which may be listed
by perceptive students.

3. Have students deduce what types of energy and
resources are saved by recycling newspaper.
Making paper from recycled paper begins at the
pulping stage ("D" on the diagram), where wa-
ter and chemicals remove ink and turn paper
into pulp again.

4. Continue the discussion of resource require-
ments by reading the story, Printing and Deliv-
ering a Newspaper. Have students identify,
based on your reading of the story, what addi-
tional energy and resources are used in a news-
paper's life. Students should be able to suggest a
final stage of a newspaper's life other than the
trash can or landfill (i.e. recycling). See if stu-
dents also mention reuse possibilities such as
papier-mache and fireplace logs.

5. if possible, begin a paper recycling drive at your
school.

Evaluation
1. Give each student the handout, Sequencing the

Life of a Newspaper, to complete.

2. Have students use encyclopedias to look up
processes for making aluminum, glass and/or
plastic and have them identify resources and .,n-
ergy used to make these materials.

1"98 Ohm Departmpnt of Natstral RImburros. soutrr tonics Barr. North FrAnkiln FIrrnentary leolumbus. Oh t.



RESOURCES IN THE LIFE OF A NEWSPAPER ENERGY AND RESOURCES
IN NEWSPAPER MAKING

Directions: Identify as many types of energy and resources as you can that are used to
make newsprint and to ship it to the newspaper printer. 'lb do this, look at the stages of
paper making shown on the handout, Making Paper. Match each paper making stage
(A-G) with one or more of the three resources listed below. Put the letter of the paper
making stage in the answer space and explain what type of resource is used in that
stage. (See examples already written in Parts 2 and 3 below.) Remember, each stage of
paper making (A-G) on the diagram may be used more than once in more than one of
the three categories listed below.

1. Light energy from the sun:

2. Natural materials (including iron ores, plants, coal, gasoline and oil):

B, saw is leads of steel from iron ore.

3. Energy: knosii_olostricili to run Mein that turn rollers

4 1098 Ohso Deportment of Natural groourree
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MAKING PAPER
RESOURCES IN THE LIFE OF A NEWSPAPER

A

'Drees grow in
the forest.

D

B

sop 104

C

1111

:117 INTO !Ergqv I w
Trees are cut with a Truck hauls the logs

to the mill.saw into logs.

S ED,

E

Amer logs are cut into chips The pulp goes through machines that rub and
they are mixed with chemicals press and screen the pulp into wet sheets of
and cooked into a mushy pulp. paper.

G

)

Steam-heated rollers dry the wet sheets of paper
and they are wound into large rolls.

Trucks or trains take the
rolls of paper to a printing
press where a newspaper is
made.

4 19118 Ohm Department al Natural Remoras.
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RESOURCES IN THE LIFE OF A NEWSPAPER5 SEQUENCING THE LIFE
OF A NEWSPAPER

Directions: Put these events in order from "1" to "9". Number "1" should be thefirst event. There are two possible answers for number "9." Put a "9" by the bestanswer and leave the other blank. In the space at the bottom of the page tell why
your answer to number "9" is the best.

A chipper cuts the logs into little wood chips.

Some people put their newspaper in the trash when they finish reading it.

Trees are cut and sawed into logs.

Delivery trucks take the newspapers to neighborhoods and papergirls orpaperboys deliver them.

Newsprint is put on a printing press and printing begins.

_ Some people save their newspaper for recycling when they finish reading it.

Light energy from the sun is stored in trees.

Wood chips are cooked until they become pulp.

Cut logs are transported to the paper mill.

Steam- heated rollers dry the pulp as it is pressed into paper sheets.

A
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PRINTING AND DELIVERING RESOURCES IN THE LIFE OF A NEWSPAPERA NEWSPAPER

Before a newspaper is printed, reporters, writers, photographers, artists and other
news staff members work hard to gather the news. There are also workers who set
the type and who arrange the stories, pictures and ads on each page. Then more
people make the printing plates which will print the words and pictures. Now the
newspaper is ready to be printed.

The printing plates, which print the news in black or colored ink on the newspaper,
are locked in the printing press. The paper is put through the press and the printing
begins.

After the printing is finished, part of the printing press cuts the paper into sheets
and folds it into pages.

The newspapers are then taken by conveyor belt to the mailroom where they are
bundled and sent to the loading dock.

Delivery trucks are loaded with the newspapers. They take the papers to
neighborhoods throughout the city. Paperboys or papergirls deliver the newspapers
to people's houses.

ttfish INviittliwnt sd 1A11131411 Re Nourrt.
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HOW MUCH DO WE USE? CHAPTER 5

Objectives Students will be able to: (1)
observe and identify quantities of paper used at
school, (2) infer the consequences of using trees to
make products. Students will improve their abilities
to organize data and compute figures.

Method Students record on a chart how
much paper is used during a week and then make a
graph using this information. They identify changes
in behavior based on information about how much
paper is used and wasted. They answer questions
about conservation and resources based on compre-
hension of a rending passage.

Duration: four class periods over two weeks

Setting: classroom

Subjects: Social Studies, Mathematics, Lan-
guage Arts

Curriculum Reference: 2.2, 6.1

Preparation Identify what types of pa-
per are used weekly in the classroom, such as writ-
ing paper, paper towels, construction paper, -"'tto
paper and drawing paper. Use chart paper and graph
paper to record this information.

Vocabulary calculate, conserve, graph,
natural resource, renewable

Handouts Webbing Products Made Prom
Trees: Calculating Resource Use

Procedures
1. For one week tally the amount (in sheets) of the

different types of paper consumed by the class.
Each student could make his or her own chart

and total up all figures on a classroom chart at
the end of each day. The chart could be made as
follows:

PAPER CONSUMPTION IN OUR CLASS

Make a tally mark under the cornet heading and next to the correct day each time you use paper this week.

Day

Mon.

Tues.

Wed.

Thurs.

Fri.

Type of Paper

Photocopy Workbook Writing
or Ditto Page Paper

Construction
Paper

Paper
Towo*I Kleenex

39*I ftho' DeParimonl 4 %wool Rt.tworre*, rwurce Barb Mrith*Ply, MitAm %Ince Schffit1 Flndiny.
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HOW MUCH DO WE USE?

2. At the end of the week, construct a bar graph us-
ing this data. The bar graph could oe made us-
ing graph paper as follows:

28

24

22

20

18

16

14

12

1i

PAPER USED THIS WEEK IN OUR CLASS

Photocopy or Work honk
Ditto Page

Writing
Paper

3. Discuss the figures. Are students surprised?
Have students make calculations. Ask them
how they can calculate the average amount of
each type of paper used per pupil t ach week. (Di-
vide the number of sheeti in each category by
the number of students.) Ask students how they
can find how much paper of each type they use
in a year, individually and as a class. (Multiply
by the number of school weeks.) What type of
paper is used the most? Why?

4. The following week, monitor or have students
collect data regarding how much paper they
use. At the end of the week, discuss their feel-

,-
Construction Paper

Paper Towel
'1 X

ings. Had they changed their habits a... be-
cause of the previous week's findings on paper
consumption? Did this make them try to be
more conserving? What if someday we didn't
have the supply of trees needed to fill the de-
mand for paper? Have students suggest reasons
why we might use up all the trees needed to
make paper (e.g. increased consumption of wood
and paper products, cultivating more forest ar-
eas for food crops, poor planning to renew forest
trees).

6. What other things besides paper are made from
trees? Use the handout, Webbing Products
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Made From Drees, for this purpose. Then, look-
ing at their answers, have students suggest
ways they could help conserve trees. (Use both
sides of paper, cut down on tissues and paper
towels often wasted, refinish old furniture, etc.)

6. Introduce the word recycle and explain how pa-
per can be recycled to conserve energy and re-
sources

7. Have students complete the handout, Calculat-
ing Resource Use, and discuss.

Evaluation Have students write a para-
graph or draw a picture showing how we can help to
conserve paper.



HOW MUCH DO WE USE?
WEBBING PRODUCTS MADE FROM TREES

Directions: Think of as many products as you can that come from the natural resource-
trees. "Web" your ideas around the tree. Draw more lines if you need to.

NHS tam Department of Natural Iteanurceti
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CALCULATING RESOURCE USE 5HOW MUCH DO WE USE?

Directions: Read the passage below and answer the questions that follow.
Trees are a renewable natural resource. They are renewable because they can be
grown as other trees are cut down. However, there is much demand for products such
as paper, cardboard and furniture which are made from trees. Trees are also cut down
to clear land for building houses and farming crops. Therefore, trees need to be planted
constantly and people should not waste products made from trees. One way to conserve
trees is to use paper and paper products over again or to recycle paper.
Many trees are cut down and new ones replanted each year to make newspapers. It is
estimated that one 17' tree is required to make 118 lbs. of newsprint for making news-
paper. For every 4' stack of newsprint produced, a 17' pine tree is used.

1. In the first sentence:

a. Which word means the opposite of human-made?

b. Which word means something can be made again?

c. Which word means something we use to make a product?

2. How many pounds of newsprint can he made from one 17' tree?

3. If one week of newspapers (seven papers) is 3 inches tall, how many newspapers are
in a pile one foot tall? in a pile 4' tall?

4. How many newspapers can be made from a 17' tree?

5. About how many pounds of newsprint are required to make an average newspaper?

6. Based on the answer to #7, approximately how many pounds of newspaper does a
family generate in one week? in one year?

7. Apprrimately how many 17' trees are required t() make a year's supply of newspa-
per fin mIle family (receiving 7 papers a week)? for all the families in your
classroom for one year?

19V4 Ohm Drptuttruld of Natural lif-ReurreN



RESOURCES SIMULATION CHAPTER 5

PRIMARYINTERMEDIATE

Objectives Students will be able to: (1)
identify natural resources used in packaging materi-
als and whether these resources are renewable or
nonrenewable: (2) explain why many natural re-
sources we use to make products must be imported
from other countries. Students will improve their
ability to analyze in fizrmation.

Method A simulation activity is conducted
in the classroom using marbles am! chewing gum.
Students nzake analogies between the simulation ac-
tivity and the use of natural resources to make con-
sumer products.

Duration: one or two class periods following
the simulation Activity conducted
during 'he morning and early
afternoon

Setting: classroom

Subjects: Social Studies, Language Arts

Curriculum Reference: 2.2, 6.5

Preparation marbles a few less than
the number of students;

30 sticks of sugarless gum prepared in the following
manner:
10 pieces as they come from the package, wrapped in
foil and paper;
10 pieces of gum just in the foil (paper wrapper
saved);
10 pieces of gum, foil removed and saved and gum
t.. .. back in the paper wrapper;
10 pieces of foil; 10 paper wrappers; extra paper
wrappers saved ahead of time.

Before the children come to school the day of this ac-
tivity, hide the marbles and the different pieces of
gum and wrappers as described below:

The marbles on their desks; some desks may
have 2-4, some only 1. some none.
Hide all the pieces of gum (those pieces in foil or
in paper or in both) in their desks, on desk
chairs or on top of desks. Hide some of the paper
wrappers in these places as well.
Hide the pieces of foil and the other paper wrap-
pers around the room (not in or on their desks or
chairs). Make some visible but hard to reach
and some impossible to get to.

Vocabulary analogy. export, import,
natural resources, nonrenewable, packaging, renew-
able, simulation

Procedures
1. This is a simulation activity after which com-

parisons will be made by students. As the chil-
dren come into the room this day and notice the
various objects, feign ignorance about them.
When they ask about taking them, again pre-
tend you don't know anything about them. At
any break, when children might be out of the
room (lunch, recess) put more paper wrappers,
only. out in the room. (These are the extra ones
saved in addition to the 30 sticks.)

2. At the end of the day. ask the children to get out
any foil, paper gum wrappers, gum or marbles
they have. Count and record on chart paper.
Check the floor for anyrecord these under
"Littered." Check the waste basketrecord
these under "Thrown Away." Record any
chewed pieces of gum found under "Garbage," If
there are still some left, have students hunt for
them. Discuss the chart and the meaning of lit-
ter, throw-away packaging and garbage. Note
that when we throw away marbles and paper

19$ti Ohm Department of tititural lie,4,sartrt, tx,utri. Bart, Mather)). Wiliam %Imre Elementary (Findlay.



RESOURCES SIMULATION

and foil, we are wasting natural resources,
those raw materials used to make glass, paper
and foil.

3. Write the listings below on the board.

marbles paper products (including
cardboard)

foil products packaged in
paper

aluminum products

products packaged in foil
or aluminum

paper wrapped gum glass products

Ask students to match the item in the left col-
umn with the item in the right column that it
represented in the simulation. After doing this,
ask students to as many paper products as
they can; as many aluminum products as they
can; same with glass; also discuss packaging
made of paper, aluminum or glass.

4. Discuss what paper, glass and aluminum are
made from: trees, sand, bauxite. So the paper
wrappers also represented trees, the marbles
sand and the foil bauxite.

5. Draw the attention of students back to the simu-
lation activity, asking them where various
items were found. Write the following answers
on the hoard as students give them to you:

paper

foil wrapped gum

a. marbles fbund in and on desks,

b. foil wrappers without gum found around the
room,

c. paper wrappers v,ithout gum found in and
on desks and around the room,

J. foil wrapped gum and paper wrapped gum
found in and on desks.

Ask students what each of these placements
means if their desks representei the United
States and if places in the room other than their
desks represented other countries in the world.
Go over each lettered item above one at a time.
Answers corresponding with these letters are
below:

a. Natural resources used to make glass, in
particular sand (the marbles), is found in
abundance in the U.S.

h. The natural resource, bauxite, is usually im-
ported (sent to the U.S.) from other countries
such as Guinea, Australia, Brazil and Ja-
maica. (Some bauxite is found in the U.S. in
limas and Arkansas.)

c. The natural resource used to make paper
trees is found in the U.S. But the U.S. also
imports wood from Canada.

d. Americans make many packaging materials
for their products. Many countries in the
world seldom use packaging or do not use as
much as we do.

Ask students if there could be a way to reduce
the packaginj of gum and what the purposes of
packaging are. (preservation, advertisement.)

6. Ask students why there were more marbles
than any other single item. (Sand is abund-mt,
but it is nonrenewable.) Why were additional
paper wrappers put out? Trees are a renewable
resource; they can be planted to make more
trees. Why was there less foil than any other
item and why was no new foil put out? There is
less bauxite than sarAd or trees in the world and
bauxite is a nonrenewable resource. Ask stu-
dents who found a stick of gum with both foil
and paper wrapper where these were found and
what they represent. (Some products, in the
U.S., are packaged with both aluminum and
papere.g. TV dinner in a box.) Ask if anyone
littered the paper after taking the gum out.

7. Discuss what, factors affected who got which
resources --who got to school first, where the re-
sources were, aggressiveness in finding re-
sources, how hidden they were. Compare this to
real countries. It is easier for a country to obtain
a resource found within its own boundaries.
What does a country do if it needs a resource
that is not found in the country, or if it doesn't
have enough? (Import

8. Discuss the importance of recycling as a way to
save resources and reduce imports. Mention
that in most areas of Ohio glass, aluminum and
newspapers can be recycled.

Evaluation Have students write about
the activity --what they felt while participating in it
(unknowingly) and what they learned, including
what the marbles and each part of the gum and
wrappings symbolized.

n
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WHEN THEY'RE GONE,
THEY'RE GONE CHAPTER 5

INTERNIFDIATE

Objectives Students will be able to: (1)
distinguish nonrenewable natural resources from
renewable natural resources; (2) identify the conse-
quence of burying waste and suggest alternatives
that save nonrenewable resources; (3) explain the
uneven distribution of natural resources among
countries of the world. Students will improve their
abilities to make infiirenc,es and classify.

Method stud.-eats answer questions about
natural resources and solid waste in a pre-test. They
take part in a simulation activity about the distribu-
tion of finite resources around tlie world. They dis
cuss how the simulation activity represents
international vompetition for resources. Students

take the post-test and discuss alternatives to throw-
ing away resources.

Duration: two to four class periods

Setting: classroom

Subjects: Social Studies, Language Arts

Curriculum Reference: 2.2, 6.5

Preparation craft beads: 400 red, 104
blue, 31 pink, 12 green, 1 orange, 1 yellow, 1 purple,
1 clear; 6 plastic cups; writing materials

Vocabulary conserwition, industrial-
ization, landfill, natural resources, nonrenewable
resources, recycling, renewable resources, scarce,
solid waste

Handout Wasting Waste (used as a pre-
and post-test)

Procedures
1. Discuss the following statement with the class:

As countries become more industrialized and
developed they consume more natural re-
sources. Give students the pre-test telling them
you want to see what they already may know
about natural resources and waste.

2. After collecting the handout, explain to stu-
dents the difference between renewable and
nonrenewable natural resources; make a list on
the board. Then proceed to explain the activity.
Beads of different colors have been selected to
represent nonrenewable resources. The number
of beads reflect mineral's relative estimated
total abundance, not that mineral's ease' of ex-
traction or potential availability.

1987 Estimates of
Color Beads Finite Resou :ce Global Reserves'
Red 300 Iron in Ore 98.() Billion Short Tons'
Blue 104 Bauxite (aluminum ore' 23.2 Billion Metric Tons**
Pink 31 Chromium 7.5 Billion Short Tons
t'sreen 19 Copper 56r.0 Million Metric Tons
t )range Lead 142.0 Million Metric Tons
Yellow I Tin 4.3 Million Metric Toils
Purple 1 Silver 10.8 Billion Troy Ounces
Clear 1 Platinum 2.1 Billion Troy Ounces

'4' Short Ton 2,000 po. nds ** Metric 1bn 2,200 pounds

1100.10ht., I bp,trt ro Not r-. 111,,m,4 %for+, ,t lb,
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WHEN THEY'RE GONE, THEY'RE GONE

3. You might want to reproduce the first three col-
umns of the chart on the board. students
that these beads will be used in an activity later
in the day.

4. Hide beads throughout the classroom when stu-
dents are out (some in easy to find places and
others in more difficult places to find).

5. Have students divide into teams representing
countries. To show increased potential in ex-
ploring for resources, vary the size of each group
(USA 6, USSR 6, Europe 4, Japan 3, South
Africa 2, Malaysia 1, etc.).

6. Give teams time to explore for resources. First,
give them two minutes to search around the
room and then return to their group. Have them
collect beads in the plastic cups. Repeat search
again, but this time for only one minute. After
each exploration, students should separate and
consider results based on beadr. they have accu-
mulated in their cups. These can be compared
with the relative figures on the chart.

7. Discuss the greater difficulty in finding re-
sources during the second period of exploration.
(Competition becomes more intense for fewer re-
sources.) Discuss real life examples of countries
competing for resources.

8. Beads in the plastic cups represent natural re-
sources which are eventually thrown away in
the form of products which people discard. Some
natural resources are used for many years,
sometimes hundreds of years, while other natu-
ral resources are used for a ve y Pliort time only
and end up in landfills. Ask students how this
happens. Discuss the future mining of landfills
for natural resources.

9. Ask students what they can do to extend the life
of nonrenewable resources? (recycle) What are
the advantages of extending the life of re-
sources? (More resources available in the fu-
ture, lessening of international conflict, etc.)

Evaluation
1. Have students complete the post-test.

2. The following day or later, have students an-
swer the following:

a. Did you use a product made from a renew-
able resource today? If yes, what?

b. Did you use a product made from a nonre-
newable resource today? If yes, what?

c. What can you do today to help conserve nat-
ural resources?

; _ a1
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WASTING WASTE:
A PRE AND POST TEST

WHEN THEY'RE GONE, THEY'RE GONE

Directions: Answer the questions below by putting the letter of the one best answer in
the blank.

An example of a renewable natural resource is a __ _

a. metal b. fossil fuel c. plant

2. A nonrenewable natural resource

a. can be replaced b. cannot be replaced

3. When a product is made, natural resources are

a. used b. coaserved

c. should be wasted.

c. increased

4. When we throw away products after they are used most of these items
end up _

a. being burned b. in the ocean c. being buried in the
ground in a landfill

5. One way to conserve nonrenewable resources is to , _

a. reduce the amount b. increase the amount c. close down
of solid waste we of waste we produce landfills
produce

6. To reduce solid waste, we could buy products that are

a. used once, then
thrown away

7. Recycling means to

a. clean up litter

b. made of plastics c. recyclable

b. make new products c. burr, .,lid waste
from old materials

8. When we bury trash and garbage in a landfill, we are also burying

a. new products b. things we should burn c. natural resources

9. Because nonrenewable resources are scarce

a. countries compete
with each other to
acquire resources

b. every country has all
the resources it needs

c. countries do not
have to trade
for resources

19841/1110 ihi.Ntiffit91 ,/ :View ,41 hvyolarcv,
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TRADING RESOURCES CHAPTER 5

INIFAINIEDIATE

Objectives Students will be able to ex-
plain the economic implications of using scarce
sources to make a product. Students will improve
their ability to entwerwle in groups.

Method Discussion of renewable and non-
renewable resources is followed by a simulation ac-
tivity to produce a greeting card by requiring the
trading of "plentiful" and "scarce" resources among
groups. Follow-up discussion requires students to
make analogies.

Duration: two to three class periods

Setting: classroom

Subjects: Social Studies, Arts and Crafts

Curriculum Reference: 6.3

Special Note: This activity centers on five groups of
students representing five different countries with
different resources. The materials listed below in
the Preparation are therefore of five types, each
type of material exclusively meant for each group,
unless you modify the activity. There are two basic
ways to conduct the activity with the five groups.
One or both of these versions may be used and there
are also modifications to consider based on these two

descriptions (see Preparation description below).
The first version of the activity is planned so that
each group has access to the resources needed to
make a complete product. The second version is de-
signed so that there are not enough resources for
each group to make a completed product. The second
version, therefore, ci eates more confusion and some
frustration for students but it is better at replicating
issues associated with scarce resources. You may
wish to modify the activity so that each group re-
ceives multiple resources in quantities reflective of
either sufficient resources as in version one or scarce
resources as in version two.

Preparation
V'e'rsion #1: fifty sheets of construction paper, five
magic markers, fifty happy-face stickers (try to find
some without adhesive backing or use another type
of cut-out), five pairs of scissors and five bottles of
glue

Version #2: fifty sheets of construction paper, four
magic markers, thirty stickers, three pairs of scis-
sors and three bottles of glue

Modifivation: One ,roup could be given two bottles
of gl ue and thirty sheets of paper, another group two
pairs of scissors and twenty sheets of paper. etc.; or
you could give each group three different types of
supplies, but remember, the more supplies distrib-
uted the less "scarce" resources will be.

Vocabulary analogy, plentiful re-
sources, scarce resources. simulation

Procedures
1. Explain to students the concept of p/entifit/ re-

:sources (resources for whieh demand by people
does not exceed the supply: generally wood, sun-
light, sand. water. etc.) and scarce resource's for
which demand is greater relative to supply. (oil,
coal. natural gas). Give examples of how we
trade with other countries to acquire resources
to make products. Then tell students they are
going to engage in a simulation activity.

2. Have students divide into five groups, each as-
signed to a table representing a country. Dis-
tribute materials to each group based on the
version you have chosen to use. Show the stu-
dents a greeting card you want them to repro-
duce. The card must:

a. be made with construction paper. folded

%94$ Ohio Departmt.nt ref Natural HOSIMITUN Jranni. D"bintxt. Eio.nritary rIa n4 I th
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TRADING RESOURCES

b. with rounded corners cut by scissors

c. a happy face sticker glued on the front and

d. the words t*GET WELL SOON!" in marker
on the front of the card. MB class the coun-
try that can make the most get well cards
will receive a prize.

3. Put a list of rules on the board that students
must follow:

They cannot borrow at any time.
They may trade only once with each table.
They may not "trade back."
If you cannot acquire all the supplies neces-
sary to make cards as requested, make them
however you can.

Proceed with activity, observing so no one
breaks the rules. Mention that a prize will be
given to the group that constructs the most
cards as requested.

4. Discuss results.

a. Why couldn't one group produce the entire
card alone?

b. Why did some students have more difficulty
trading?

c. Which resources were plentiful?

d. Which resources were scarce?

e. Consider each material: glue, paper, scissors.
etc. and discuss which are made from renew-
able resources (paper and stickers, if the lat.-
ter are made of paper and not plastic), and
which are made of nonrenewable resources
(scissors and stickers if stickers are made of
plastic or have a plastic coating). The ingre-
dients in glue and magic markers may in-
clude both renewable (water. animal parts,
dyes) and nonrenewable ingredients (petro-
leum and metal).

f. Which item do you think would be the
cheapest to buy? Why? Which the most ex-
pensive? Why?

g. What happens to waste when a country is
finished with production? (e.g., scraps of pa-
per, leftover glue, etc. Bring up idea of reuse
and recycling to conserve scarce resources.)

5. You may wish to save completed cards to send to
students who are ill.

Evaluation Ask students to explain
orally or in writing how this activity resembles real
life situations. They should include the following
words and concepts in their explanations: scarce re-
sources, plentiful resources, trade, country, product.

1S9
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RESOURCES AND CONFLICTS
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PRIMARY INIERMEDIA11.:

Objectives Students will be able to: (1)
identify natural resources and their distribution
around the world; (2) describe the general processes
of extracting and distributing resources; (3) describe
problems created by international demand for re-
sources and suggest possible solutions. Students will
improve their abilities to make infrrences and sake
problems using information.

Method Students identify infbrmation from
maps and pictures to make charts about the distri-
bution and use of natural resources in the world.
They take part in a simulation activity after which
they describe parallels with the extraction and dis-
tribution of natural resources around the world.
They write a newspaper article about a hypothetical
problem between the U.S. and another country.

Duration: three to four class periods

Setting: classroom

Subjects: Sot d Studies, Language Arts

Curriculum Reference: 6.5

Special Note: The handouts in this activity are for
intermediate grades and modifications are required
to explain concepts to primary grades. However, the

CHAPTER 5
W

simulation and follow-up discussion are appropriate
for younger students.

Preparation world map, if possible one
showing the distribution of natural resources; pic-
tures of natural resources and how they are ex-
tracted; information indicating providers and users
of natural resources in the world; information about
what types of products are made from natural re-
sources; pictures from books or encyclopedias of con-
servation practices in other countries; peanuts in
the shell

Vocabulary distribution, exports, ex-
traction, imports, natural resources, nonrenewable
resources, renewable resources, simulation

Handouts Resource Simulation; In the
Press

Procedures
I. Introduce the subject of natural resources in the

U.S. and the world. Show pictures of how re-
sources are taken from the earth. Make a chart
listing the following nonrenewable natural re-
sources: iron ore, bauxite, copper, tin, petro-
leum. coal and any others you wish to select
that are used to make consumer products famil-
iar to students. Chart the locale of these natural
resources by the countries in which they are lo-
cated. Have students identify which countries
have more natural resources than others. Have
students infer which countries use more energy
and resources.

2. The next, day, before students arrive, hide pea-
nuts tin the shell) throughout the classroom:
single peanuts and small and large piles of pea-
nuts. Some piles should be easily discoverable
and some should be hidden. As the students ar-
rive, make no comments about the peanuts.
They will probably begin to collect or even
hoard the peanuts. Some may even open the
shell and eat them. Later Bering the day, initi-
ate a class discu.,sion about simulation activi-
ties and tell students that you distributed the
peanuts to simulate the extraction and distribu-
tion of resources around the world. Explain the
concepts of extraction and distribution. Have
students complete the handout, Resource Simu-
lation, to see how many parallels they can draw
between the peanut activity and resource ex-
traction and distribution.

19f4ii Ohm Lirrotiment c f NaturnIRcmturvrt, wort*, Shemin Ihmmet). %Intro". Fiernrntar, i Bratty. 4tho

153 190



5 RESOURCES AND CONFLICTS

3. Now draw students' attention back to the chart
of U.S. and world resources made earlier in this
activity. Discuss the following questions: How
might competition for natural resources contrib-
ute to international tension? (inflation, need for
strategic minerals in case of war, etc.) Explain
world interdependence. How do nations con-
serve nonrenewable natural resources? (People
reuse materials; people conserve energy; some
countries have little heat and air conditioning
technology; some countries use solar, water and
wind energy; a variety of recycling and energy
recovery programs can be implemented.) Show
pictures from books or encyclopedias of these
conservation practices in other countries. Ask
students what we can do in the U.S. to conserve
resources.

4. Have students identify a country that sells nat-
ural resources to the U.S. Have them use the
handout, In the Press, to write an account of a
fictitious international energy and resource con-
ference between the U.S. and that country. Ex-
plain what the Secretary of State for the United
States does. Suggest the following as possible
subjects for student reports.

Item A on the handout could refer to a short-
age, rising cost of a resource creating infla-
tion in the U.S., political changes making
shipping of a resource difficult (war, revolu-
tion), loans needed for further exploration
and extraction of a resource, etc.

Item B could refer to recycling, conservation
practices. change in materials used; but it
must relate to the issue stated in passage A.

Item C could refer to v.-ays the U.S. will meet
suggestions made in "B" (e.g., establish a
mandatory recycling scheme for products
made from the materials in question. set
quotas on imports, tax imports, grant a loan,
provide economic aid, etc.).

Item I) could refer to further exploration, or
quotas, or lower prices, or a way to diversify
so the other country's own economy will not
be hurt by the shortage. etc.

Evaluation Have students identify
three problems associated with the use of natural re-
sources (shortage s of nonrenewable resources, pollu-
tion, conflicts between countries, inflation) and
three ways to cave res:mirces (conservation, recy-
cling, reuse, energy recovery, change consumption
habits).
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RESOURCES AND CONFLICTS
RESOURCE SIMULATION

INN.0.111M

DIRECTIONS: Think about all that happened as you and your classmates discovered
the peanuts. For each statement below, describe how it represents the extraction or
distribution of natural resources around the world.

Some peanuts were hidden while others were easy to discover

2. Some peanuts were in large piles, others were in small piles, others single,

Some students took their peanuts out of the shell.

Some students ate the peanuts they took 111t Of the shell.

5. Some students d:d not. (pen t 'lei- peanuts nor did they eat them if t hey did take
them out of the

ti. Some students found a lot of peanuts, other students found only It kw or only one.
and some students did not find any peanuts at all.

7. Some students gave their peanuts to others or tratkil them for 'nmet lung, maybe
even other peanuts.

EXTRA: "What it gut, Lions :ittswer On hack).

5. What if suns students, after eating their peanuts. went out and planted mon' p.nnut plants in a
garden? What would this represent?

9. 'What if peanuts could not be grown and they could only he found in thy ground? What would this
represent?

194 . f *. 1). ,? 1 1,,t
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RESOURCES AND CONFLICTS
IN THE PRESS

CONSERVATION DAILY NEWS

Today, a representative from the country of

met with the Secretary of State of the United States to discuss

Regarding this issue, the representative from

suggested that people in the United States

The Secretary of State of the United States concluded the conference by saying that

the United States would

The Secretary then suggested that.

The conference ended following the Secretary's comments.
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Chapter 6

Waste Out of Place
,Im.



THIS LITTERED LAND
IS YOUR LAND 6CHAPTER

Preparation Recording of "This Land
is N'Our Land" by Woody Guthrie: tape recorder or re-
cord player; litter-free pictures of redwoods or forest,
of water forms, of California and New York, of
deserts, valleys, countrysides, etc.

Vocabulary environment., litter, lyric,
10.r recycle, region

PR I M.\ RV INTER NIEDI.VIT

Objectives Students will be able to de-
scribe how litter and waste affect the natural beauty
of geographical regions in the United States. Stu-
dents will improve their ability to write creatively.

Method Students listen to a recording of
"This Land is Your Land" and identify the places
mentioned in ti song. They ink how these places
would he spoiled by litter and they construct. new
lyrics and images for the song. They write new lyrics
to other songs of their choice.

Duration: two to four class periods

Setting: classroom

Subjects: Social Studies, Language Arts,
Music

Curriculum Reference: 5.2, 5.3

Handouts Mwds and the American
Lanthwape; Litter Known Songs

Procedures
I. Instruct students to listen carefully to words in

the recording of "This Land is Your Land."

2. Present pictures as they coincide with the lyrics
in the song. It entify geographical regions such
as mountain, forest, desert and valley men-
tioned in the song. Explain how the environ-
ments represented by these regions differ in
landscape, climake and plant and animal life.

3. Discuss the beauty of the USA when it is free of
litter. Discuss how these areas of land would
change if littered Discuss the effects of litter on
wildlife, plant life and waterways.

4. Have students complete the handout, iliwds and
the American Landscape.

5. Explain how the' subject of litter could lead to
changes in the words to the song, "This Land is
Your Land.- Have students rewrite lyrics and
present to class. Illustrate with drawings and
pictures. Use the handout, Litter Known Songs,
to give students soni examples of what you
would li.tte them to do.

Evaluation Have students think of an-
other song they know, (like those which appear on
the handout. Litter Known Songs) and write lyrics
for it with an anti-litter and/or recycling message.

20Soli)}3iti Itrpnrttrnnt of NMI urrii Hrwau,,,,,,,,a4., Kim n ("xylp.or schrnd I1 in,,,, f )111



THIS UTTERED LAND IS YOUR LAND WORDS AND THE
AMERICAN LANDSCAPE

Directions: Think where you would find each word in the dictionary.
Put a:
"B" if it is at the beginning.
"M" if it is at the middle.
"E" if it is at the end.

(A-I)
(J-R)
(S-Z)

1. desert 6. pollution 11. island

2. valley 7 California 12 recycle

3. forest 8. gulf 13. stream
4. redwood 9. water 14. mountain

land 10. litter 15. reuse

Look up each of the words above in your dictionary and write out definitions on a sepa-
rate sheet of paper; then fill in the blanks below.

1. A body of land with water all around it is called an .

2. Land that has very little or no water is called a

3. We should not

4. Oaks, maples and are different kinds of trees.

5. Litter 9ri a street or oil in a stream are two kinds of

6. A large group of trees is called a

7. One way to save natural resources and to keep waste from being littered or thrown

our highways and streams.

away is to

19824 Ohm th.psi Intent rf Niunsl }kotturcer.
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THIS LITTERED LAND IS YOUR LAND
LITTER KNOWN SONGS

7b the tune of "Three Blind Mice":

1 Three litter bugs, three litter bugs
2 See how they litter, see how they litter
3 You find them wherever trash is found

They aren't very nice to have around
4 They throw trash and garbage on the ground

three litter bugs

lb the tune of "Row Row Row }bur Boat":

1 We can use our trash
2 Save it from the can
3 Recycle! Recycle! Recycle! Recycle!
4 That's our final plan

lb the tune of "Friar Jacques":

1 Please don't litter, Please recycle
2 Glass and tin, aluminum
3 Paper, cardboard, plastic, once again's fantastic
4 Recycle, Recycle

7b the tone of Beer Barrel Polka"-

1 Roll out the barrel
2 We have a barrel to fill.
3 Roll out the barrel
4 There's litter all over the hill.

5 Stop, pick the litter,
6 We want the people to know,
7 When they come to visit here
8 Leave a clean O- H -1 -O.

9 Roll back the barrel,
10 We've got it filled to the top.
11 Roll back the barrel,
12 In went the trash with a plop.

13 Stop, pick up the lii;er,
14 We want the people to know,
15 When they come to visit - here
16 Leave a clean 0-H-I-O.

I 9NS tftur Dopturiment of NNtural Rotauirovh s crvated by thy roirporm Iva Extromon Sorvfet., (lbw St.do 1' rovorott
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WASTE AND WORDS 6CHAPTER

INTER MEDIATE

Objectives Students will be able' to: I 11
describe litter in a particular setting and (2) explain
the effects of litter on aesthetic sensibilities. Stu-
dents will improve their abilities to observe and
write creatively.

Method Studentsents identify synonyms for
waste and write sentences describing their feelings
about litter. They observe' litter in their environ-
ment and describe where it is located. They use this
information to write descriptive words for allitera
tions and to make pictures for their alliterations.

Duration: three to four class periods

Setting: classroom, neighborhood

Subject: Social Studies, Language Arts, Art

Curriculum Reference: 5.3

Preparation Four index cards for each
student, suitable littered area, paper and crayons or
paints for making pictures.

Vocabulary alliteration, environment,
litter, recycle, synonym

Handouts Feelings About Mogi.; A-
ntler-Won Litter: lost In latter

Procedures
1. Have= students list as many synonyms (wards

that mean the same or almost the same things
as they can for the word "waste:" Examples: lit

trash. garbage, refuse, rubbish, scrap. These
terms are, explained in the Background Infor-
mation to Chapter One.

Have' the students list as many waste items as
possible. Examples: wrappers, bottles, cans,
paper

3. Give students the handout. Peelings About
Haste, to complete.

I. Have students hunt in an assigned area to find
pieces of litter (you could designate areas in
their neighborhood and make this homework
assignment). Each student jots down the name
of the litter, e.g., "pop can"; two or more words
beginning with the same' letter (if possible)
describing what it looks like, e.g., "crushed,
curved"; and its exact location (described with
alliteration in mind again), e.g., "in the crease
of a tree:" Teach the alliteration technique but
tell students this is not a requirement of this
particular exercise. (Have students put head-
ings on camels before beginning.) Example:

Name

Litter: pop can

Descript ion ( adject :ves): Crushed, Carved

Location (place found): in the crease of a tree

Suggest students find four or more separate
items and fill out a card for each. Discuss the in-
formation on the cards and ask students which
items they found could be recycled.

5. Give students the handout, A-litter-ation Litter.
Have them complete the top half of the handout
by transferring information from their

195$ Ohm I)Eptvtntt nt 4.1 Nrittiriti Ii3,1111111-N. ,nuto. Kathie, n Adman., Montwornrry School IANhlmnd (Avoid .Ls G14 b4.s% South Ranoo. Flunnvinsr 'Nurih Limn. tThi

198
163



6 WASTE AND WORDS

cards. If students were unable to think of de-
scriptions that made alliterations possible in re-
gard to the observations they described on their
cards, have them use their imagination now and
add alliteration words (that may not, however.
desc "ibe the observations recorded on the cards).

6. Help students write four examples on the bot-
tom half of the handout, A-Litter-Ation Litter.

7. Allow students to share alliterations and dis-
cuss effects of litter. Have each student choose
his or her best alliteration and make a picture of
it. Write the alliteration at the bottom of the pic-
ture. Put all pictures together as a magazine or
post them around the room.

8. Have students apply the creative writing tech-
niques learned in the above exercises by com-
pleting the handout, Lost In Litter. Tell
students to include lots of adjectives, synonyms
and alliterations.

Evaluation
I. Have students describe ten places in their envi-

ronment where litter is most likely to be found.

2. Have the students take a well-known nursery
rhyme and reword it using recycling and anti-
litter themes. Example:

Jack and Jill
Went up the hill
lb the recycling center.
Jack brought cans and some old newspapers,
While Jill with glass bottles came after.

199
164



FEELINGS ABOUT WASTE 6WASTE AND WORDS

I. Underline the word(s) in each sentence that relates to the subject of waste or is a
synonym for the word "waste."

1. Bobby went fishing and saw trash dumped in the lake.

2. Sally's class picked up litter yesterday.

3. Jack take:, the garbage out.

4. We recycle items that some people consider throw-aways.

II. Match the sentence completions on the right with the sentence starters to the left.
Write the letter of the sentence completion in the blank to the left of the sentence
starter it matches.

I see A - decaying garbage and molding paper.

I hear B - sad because we're destroying the earth.

I smell C - trash and garbage littering the ground.

I feel (touch) D - the smooth cans I am taking to the recycling center.

I feel (emotion) E the sounds of cans and bottles hitting our streets.

III. Think about litter prevention and recycling. Then finish these sentences in your
own words.

1. It makes me angry when

2. I am glad when

3. My trash is

4. The recycling center

Ohio th.patimvnt Ni l 'mil Rem mums
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WASTE AND WORDS
A-L1TTERATION LITTER

NAME OF LITTERED ITEM ADJECTIVES PLACE FOUND

Example of ALLITERATION:

Adj. Adj.
som, soppy,

Noun Verb Adverb Phrase about location
straw sitting stupidly on a slimy oak branch.

166
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LOST IN LITTER 6WASTE ANI) WORDS

Are we the last people in a world of litter.
I found the following story piece below, but the ending was torn off. I searched and
searched for the missing ending, but it, was lost in litter. I'm sure that someone out
there knows 1,he ending. Write the ending in the spaces below,

It took years, but finally we have buried ourselves in litter. We travel from room to
room through a maze of tunnels. The cement for these tunnels of litter is a paste of
sour milk, old gum and moldy candy.

At 7:00 AM, I wa.; beginning my morning crawl to the kitchen. I hadn't gone far when
th little finger of my left hand got caught in the opening of an empty pop can. As I
tried to free my finger, the can broke loose from the wall. Milk cartons, beer cans, a bi-
cycle tire and old cardboard boxes closed in on me from all sides. The air was squeezed
out of my chest. It began to rain . . all t he last drops of pop, milk and juices. .

rm;=,

iContinue on had or separate sheet of paper.)

St+ ()hitt Ihlttrinwrit t4 Natured Ht,tottletti.h, twit- St,tr.aft ffro-tv.on 1)1.)1{
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THE LITTER POET CHAPTER 6

1111111111MMETEIM1111311111=111

Objectives Students will be able to x-
press individual feelings about their discoveries of
litter in the t nvironment. Students will improve
their ability to write ereutirels.

Method students oimerre and de::erthe lit
ter in select environments. They use thee descrip,
tions to express their feelings in various poetic
forms.

Duration: eight class periods

Setting: classroom, home

Subjects: Social Studies, Language Arts

Curriculum Reference: 5.3

Preparation There are four indepen
dent parts to this activity, each requiring different
materials. Letter Litter Labels: need index sire cards
(or sheets of paper) each with a letter of the alphabet
written in the corner (exclude Q, X, 74), a set of these
will be needed for each student, a littered area, pa-
per and nu rkers; Looney Limericks: need limerick
poetry books, littered area, paper ricks, paper and
markers for pens); Maddening Metaphors:

need paper sacks, pens and paper; Not So Heavenly
Haiku: need examples of haiku poetry, pictures of
nature's beauty, pictures of dumps. landfills or lit-
tered areas, large cards and markers.

Vocabulary haiku, limerick, jitter, met-
iiphor, recycle

Procedures
1. Letter bitter Labels: Distribute alphabetical

curds to students, or have them make their own.
In a limited, supervised outdoor environment,
or at home environment, they need to search
and find litter, named by their letters (e.g. C.
can, P- paper, S-soda straw, R-rubbe band).
Have them identify on the card where the litter
was found. Discuss examples in class and have
students divide into group to think of two or
three adjectives to describe each item, e.g.
"crushed, curved, can" or "still, sticky straw."
Then have groups make poems from their de-
sciptions, in the following manner, so that the
letters of lines 2, 3, and 4 spell a word of an ob-
ject which could be found as litter.

Line t
Line 2

3

4

(Where) Behind the tree were
crushed, curved cans
awful, alnming articles
not-sonice, nasty news
paper

line - (Feelings We think it is horrible!

Have students write out poems, display. They
could draw pictures to accompany the poems.

Looney Limerieks: After studying the limerick
form of poetry, discuss rhyming pattern and use
of nonsense to make poems. Do some examples.
!lave a ten minute outdoor search in groups of
three or four. Each group chooses one piece of lit-
ter and names it, e.g. "Midge Match," "Cathy
Cup," "Suzy Straw." Assign time for the group
to compose a limerick about their piece of litter
(There once was a match named Midge . . ).

Share as a class. Display on a "Looney Lime:,
ick" hoard.

Lines taken
from their
cards

:3. Maddening Metaph.irs: Have students gather
litter from an assigned area and put in sacks.
Return to class, and pass articles 'around to feel,
touch, smell, and observe. Introdiac the ff.',llow.
ing writing form adj. adj., noun "is al
an" ... adj., adj., noun. tag. A smelly, sticky,

!MS Ohm ikpartmtnt nrNaturel Iteacturrels, mturcr Itotihirvn AdAMA, Wiligrmn. Selma!! 4 Awh)snd, Ohl
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6 THE LITTER POET

orange skin is a dry, dimpled golf ball.) Put to.
gether a class booklet. of "'Maddening Meta-
phors."

4. Not So Heavenly Haiku: Introduce haiku as a
poetry form, which usually pertains to the
beauty of nature. Mach the syllable pattern
used, i.e. line 1: five syllables; line 2: seven syl-
lables: line 3: five syllables. Have pairs of stu-
dents compose their own poems concentrating
on a beautiful part of the environment. Discuss
and display. Next, display pictures of a littered
environment, and divide students into pairs.
Have them choose the picture they would like to
write a haiku poem about. Assign time just to
list words about their pictures. Discuss. Have
them compose their haiku. Share and allow
time for changes. On large cards have students
write their final forms. Display on a large
hoard.

Evaluation Have each student compose 1111
a poem of his or her choice, using whatever rhyming
or non-rhyming pattern they want. The subject mat-
ter this time could be recycling andjor litter. Hold a
contest to include a panel of judges and prizes. Make
arrangements to display poems (with illustrations'
in various places in the community. Initiate the ac-
tivity to coincide with Ohio Recycle Month or Clean
Up Ohio Week.

20,1
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WASTE IN SPACE CHAPTER 6

Objectives Students will be able to: (1)
infer future needs to dispose er waste; (2) explain rea-
sons why we need to find alternatives for waste dis-
posal; (3) describe alternative ways to dispose of
waste in spam (4) deduce that recycling is the best
alternative to any means of disposal when recycling
is possible. Students will improve problem solving
skills.

Method Students discuss problems asso-
ciated with waste disposal. The problems associated
with litter in space and disposing of waste in space
are examined by reading a handout and answering
questions to test comprehension. Students draw pic-
tures of waste collection in space and write a story
about their pictures. They discuss and take a poll
about waste in space. Students explain why recy-
cling is a good alternative to waste disposal.

Duration: five to six class periods

Setting: classroom

Subjects: Social Studies, Language Arts, Art

Curriculum Reference: 5.5, 8.1

11 Preparation writing and drawing ma-

terials; a map of the solar system; reference books
about the solar system (optional)

Vocabulary disposal, incineration,
landfill, orbit, recycle. solar system

Handouts Trashing the Ilearens; Space
Mute Collection

Procedures
1. Discuss with students current problems assle

dated with the disposal of waste. These should
'.aclude the following:

a. We are running out of landfill space to bury
our trash and garbage.

b. One alternative to burying waste is to incin-
erate it, but this can cause air pollution and
there are still ash anci residue' to bury after
,vaste has been burned.

c. The history of the past fifty to one hundred
years has shown that our waste production
has increased; therefore, we have good rea-
son to believe it will continue to increase in
the future.

d. Everywhere people go litter and waste seem
to follow. Steps 2 and 3 below highlight
waste problems in space: a current and fu-
ture dilemma.

2. Initiate a discussion about our solar system.
Show the class a map of the planets. Describe
dist=ances in space and special features of plan-
ets and stars. Describe various attempts that
have been made to explore our solar system in
manned spaceships and with satellites.

3. Mention that one effect of our space exploration
has been a problem with waste in space. 'lb help
explain this, give each student the hanglout,
Trashing the Heavens, to read alone or as a
class. Direct students to answer reading toes
tions about the article ^nd then discuss,

4. Divide students into groups to brainstorm prob-
lems associated with waste disposal and litter in
space. After each group has listed some prob-
lems have them think of solutions that might
still make waste disposal in space possible.
Have each group make a short presentation to
the class.

5. Give each student the handout, Space ilittute
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WASTE IN SPACE

Calleetion, to complete. Note that this involves
a written assignment as well as making a de-
sign on the handout.

6. Mention to students that one suggested alterna-
tive to our waste disposal problems is to ship
waste into space. List alternatives: e.g., send
into sun to be incinerated; send into deep space
beyond solar system. Initiate a classroom sur-
vey regarding these proposals. Put two columns
on the blackboard with the headings "FOR
Space Disposal" and "AGAINST Space Dis-
posal." Have students put their initials in the
column they choose and give a brief reason why
they have made this choice.

Evaluation Have students answer the
following question in writing: Why is recycling a
better alternative to disposing of waste on earth or
in space?

.11.1=11.,...,...
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TRASHING THE HEAVENS 6WASTE IN SPACE

Directions: Read the news article and then answer the questions below on a separate
sheet of paper.

Nature Scope News National Wildlife Federation (1986) Vol. 2 No. 2*

There's a "down-to-Earth" phenomenon out there space: litter. Old satellites, frag-
ments of exploded rockets and other bits and pieces of junk are in orbit around Earth
and they're starting to create problems for functioning satellites, the space shuttle and
other spacecraft.

In 1983, for example, the space shuttle Challenger had a "run in" with what research-
ers think was a tiny fragment of paint that had worn off of another spacecraft. Like all
objects in space, the paint was traveling at a tremendous speed so fast that it dented
the shuttle's window when it smashed into it. Fortunately, the hurtling fragment
didn't actually break the window. If it had, the crew of the Challenger would have
been faced with a very dangerous situation.

In an effort to find solutions to the problem of litter in space, scientists at NASA have
been trying to learn more about it. They've been using special telescopes to locate the
orbits of pieces of junk some of which are as small as a pebble. And a lot of people
have been tossing around ideas about how to get rid of the trash.

One way of alleviating the problem might be to launch a kind of giant space trash col-
lector. Using robot arms controlled from Earth, the device would go around picking up
pieces of space junk. Then it would either guide the pieces into Earth's atmosphere,
where they'd burn up from friction, nr take them into an out-of-the-way orbit, where
they'd be less likely to collide with spacecraft.

Other ideas for getting rid of space trash have also been proposed. Maybe one of them
will solve the problem before the sky above us turns into one big dangerous trash
dump!

1. What does "in orbit" mean in the first paragraph? (Answer can be found in the sec-
ond paragraph.)

2. Why is litter "in orbit" such a problem?

3. What is one way scientists have been using to learn moie about the litter problem
in space?

* Reprinted with permission from NrztureStvpr Not.sRanger Rik's NatureSunpr. "Astronomy AthentLres." published by the National
Wildlife Federation, copyright 1987.

0
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6 WASTE IN SPACE
SPACE WASTE COLLECTION

Directions: Design a machine or vehicle that could collect, space litter. Then on a separate piece of paper
write a fictional story about a day in the life of a space garbage collector.

)1m, Daportftwnt of Nutunil Rroutry,
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Chapter 7

Unnatural Hazards in Nature



UNNATURAL HAZARDS IN NATURE CHAPTER 7
Improperly disposed of solid and hazardous wastes
are harmful to wildlife. Litter is misplaced human-
made solid waste, and it harms wildlife in forests, on
beaches, at sea and in urban areas. Some accidents
that happen to animals are well known, such as cuts
received from broken glass or sharp edges on cans.
Other lesser known incidents also take place. For ex-
ample, when mistaken for food, bottle caps eaten by
fish or styrofoam cups eaten by deer cause internal
problems for these animals.' Small rodents, such as
mice and chipmunks, can become trapped in glass
bottles because they are unable to get a footing on
the slipper:, glass to push themselves out.''

Plastic litter, because it is buoyant and floats, is a
threat in waterways. It has been described as "indi-
vidual mines waiting for victims."1"A number of sci-
entists believe that plastic is the most far-reaching,
man-made threat facing many marine species, annu-
ally killing or maiming tens of thousands of sea-
birds, seals, sea lions and sea otters, and hundreds of
whales, dolphins, porpoises and sea turtles."' De-
struction to aquatic life by plastic litter often hap-
pens in tortuous ways. Six-pack beverage holders
and plastic gaskets are frequently found lodged
tightly behind the gills of dead fish washed up on
shorelines. In this instance the fish, while still
young, dart into the circular trap. As they continue
to grow, the plastic noose slowly cuts of the ani

ma's* supply of oxygen. In similar fashion, birds, es-
pecially gulls, become encircled by plastic rings
which impair their ability to fly and to breathe. Re-
searchers are seeking new ways to deal with the
problem of plastic litter, such as making plastic con-
tainers which are photodegradable. These will dete-
riorate, when left exposed to sunlight. Other plastics
which would deteriorate in salt water are also being
studied.

Other problems for wildlife are created by improper
disposal of hazardous wastes. High level doses of
hazardous wastes released into an animal's environ-
ment can have sudden and horrible effects, such as
massive fish kills in streams and lakes. Prolonged
exposure to low level doses of hazardous chemicals
also affects wildlife, and humans, through a process
known as bibaccumalation. This happens in the fol-
lowing manner: Small organisms like plankton in-
gest and store minute amounts of hazardous
chemicals spilled into waterways. The plankton is
eaten by small fish which in turn are eaten by larger
fish. Each time one animal becomes food for another
higher on the foe . chain, the hazardous chemical be-
comes more concentrated in the tissues of the preda-
tor. This is why some fish from lakes and rivers
which have become polluted are unsafe for humans
to eat. In some cases, predators also become ill, de-
velop tumors or give birth to young with defects.

rojeet Wild: Elementary Activity Guide, Weaterr Regional Environmental Education Council, 1983, p. 52,
'Ibid.
'Michael Weisskopf, "Plastic reaps a grim harvest in the oceans of the world," Smithsonian 18 (March 19881. p. 61
'Ibid.
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WHAT'S UNDER WATER? CHAPTER 7

111 N1:111'

Objectives Students will be able to: (1)
explain how waterways become littered; (2) suggest
solutior .4 to keep from polluting our beaches and wa-
terways. Students will improve their abilities to
solve problems and write creatively.

Method Students infrr whether objects will
float or sink and observe them when placed in an
aquarium tank in the classroom. They complete
handouts to show where litter can be found and
what should be done with it. They observe a demon-
stration to compare the degradability of waste on
land with the degradability of waste in water.

Duration; four class periods

Setting: classroom

Subjects: Social Studies, Science, Language
Arts

Curriculum Reference: 3.1, 3.4, 5.1
..www11.

Preparation Put 2" of gravel in an
aquarium. Add water to fill to '1/4 full. Collect the foi-

l" lowing: plastic 6-pack holder, empty aluminum pop
can, empty tin can, empty plastic 2-liter pop bottle,

metal bottle cap, empty glass pop bottle and metal
can opener. For an additional demonstration yo.t
will need some organic gerbage (paper, vegetable
scraps, wood) and another scat. of each of the items
listed above. Also, a container with soil will be
needed.

Vocabulary beach, float, lake, litter,
ocean, recycle, river, sink

Handouts Keep Our Sider and Beaches
Clean; Unhappy at the Bottom

Procedures
1. Display the seven litter items next to the aquar-

ium. Ask students which items will float and
which items will sink when placed in the water,
Record their responses. Student volunteers
place each item in the water (one at a time) and
observe what happens. Record results and com-
pare with initial inferences the students made.

2. Point out that some empty containers may fill
with water and sink. The time they take to sink
may vary based on certain conditions, such as
rough water or human manipulation.

3. Have students make a list of litter that may be
under water in lakes and rivers. Discuss the
consequences of this. (Fish can be killed if they
get stuck in a six-pack ring holder, people can be
hurt by broken glass in swimming areas.)

4. Distribute the handout, Keep Our Water and
Beaches ('lean. Give students time to complete
the handout. Then ask what is missing from
this picture which could help prevent littering
(waste containers on land, litter bags in the
boat, less use of throw-away containers and eat-
ing utensils, a recycling collection bin).

5. Set up a demonstration to compare the degrada-
bility of solid waste in water with the degrada-
bility of solid waste in land environments. Add
half of the organic garbage items to the aquar-
ium which already has inorganic objects in it.
Put an additional set of the inorganic items
along with the rest of the organic garbage in a
container (dishwashing pan, etc.) with soil. Let
items rest top of soil or push them into soil
slightly. Hi.l e students compare rates of decom-
position over a period of time.

15t414 ()hie Dollar( nwnt Nosural Reststureta, kOlIrCV Re^gIns 41Bitirti, Halidtn SChtifil
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WHAT'S UNDER WATER?

Evaluation Have students complete the
handout, Irthappy at the Haltom. Discuss answers
in class. This could he done orally, or in writing.
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Directions: Look at the swimmers, the boaters and the. picnickers. Draw pictures of items each might litter.
Draw the littered objects close to the group responsible for them.

r . C:f7
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17 WHAT'S UNDER WATER?
UNHAPPY AT THE BOTTOM

Dinedions: Draw some litter in the water. Write what the animals think about it in
the spaces below the picture.

\ .t 1'14 .
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HOW DID THIS HAPPEN? CHAPTER 7

1110 Objectives siwkiit, \yin h ;416 to de-
scribe how buir van burin animals. Students im
prove their ability to ithiniprilrite nintrwls.

Method Si litter can af
fect animals. They construct trio tures illustrating
the harm litter can do to aniimils and t late write cap
t ions for their pictures

Duration: Iwo

Setting: classroom

Subjects: Siincl. AEI. Lazw,t):1.9A Art:,

Curriculum Reference: 3.

Preparation assortmeni of trash in
eluding such items as bottle caps, pieces of plastic
wrap and aluminum foil, fowl Atlf.1 illV4,ragt cans,
plastic six-pack carriers, wire, nails, tow 12 - 18"
piece of drawing paper per student, crayons. mask
ing tape, glue

Vocabulary harmful, litter, wildlite

Procedures
1. Discuss with students bow animals meet their

needs for food and safety ; t hey digest food and
they ;nowt. Explain how littered, unnatural oh-
y, might cause proldems for animals when
they eat tar move.

Have each student choose a piece of litter from
an assortment provided in the teacher (insures
variety and safety), and to think of an animal he
or she likes.

r )

3. Have each student draw a picture depicting
what harm multi happen to the animal upon
coining into contact with the chosen piece of
liner.

.1. I lave each student attach the piece of litter onto
the paper with the picture and explain the pic-
ture to the class. Students could imitate how
their aminals would move before and after

5. Hold a group discussion about what could be
(flow to avoid the problems litter can cause for
%%

6. 11;ive students u rite questions from the ani-
mal's point of view to accompany their pictures.
The quest ions should reflect the actions de^
picted in t hen' pictures. (e.g. "Why didn't that
ho mai, throw that bottle in thy trash can? Then
I wouldn't have cut my paw..-)

0.unvhment, ask a naturalist from a park or
a represent at iVt' from the Humane Society to re-
late stories about animals found dead, injured,
or io danger because of what people have done
to the animal's habitat.

Evaluation Ilave each student list one
waste item that they think is the most harmful of all
air ammals when littered and explain why. In groups
you could have students rank order a variety of
waste items based on their potential to harm

19tif4 t /tuft ih.tkittriwy0 NI i.1.1..,,ttert I 'bar Ymmi 1.'00'11111f 11,Md'i1f'v,IHi
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DEADLY DRINK CHAliTER

11.1( N11.1)1ATE

Objectives Students will he able to: (1
identify sources of environmental pollution caused
by solid waste; 12) infer the effects of improperly dis.
posed waste upon living things in the envirimment.
Students will improve their abilities to manipulat,
materials and conduct an experiment.

Method Students observe and make inlia-
ences about the effects of pollution on plants. They
take measurements. collect dato and fiirm cfmt
sions. They distinguish cause and tfeet analyz
ing sentences.

Duration: two class periods and follow-up
twice a week for four weeks

Setting: classroom

Subjects; Science, Language Arts

Curriculum Reference: 2 3. 3.2

Preparation fAather bean seeds, cups,
soil; have each student plant a germinated bean
seed in soil in a cup. Water as directed on package.
At the end of two weeks, group plants that are simi-

lar in size in groups of four. Before proceeding, you
will need the following: one pint jar per plant, motor
fir household oil, vinegar, laundry detergent, water.

Vocabulary CILIA', effect, experiment,
pollut inn

Handouts lhola Ilitrksheet: Cason. and
Effit and Pollution

Procedures
1. Students work in groups of four.

2. Each student in the group tills a ja:.1,`-i full with
water. Have students label their jars: one will
label a jar "Plant A:' another 'lard B" one
-Plant C" and one "Plant I)."

3. Students in each group with the jar labeled
Plant A will add 1 Ths. of oil to the water. Stu-
dents with "B" will add 1 Ths. laundry deter-
gent. Students with "C" will add 1 Tbs. vinegar
and students with "D" will add nothing.

4. Have each student select a plant from the four
in the group and label it with the same letter of
his or her 1.vatering. jar. Keep group plants to
get her in a place where they will receive the'
same amount of sunlight.

5. Have students in each group water their plants
with the matching container. (Water Plant A
with Jar A. etc. a Make sure all ftillow the same
procedure adding the some omount of water
each time the plants are watered. Be sure .o
shake or stir each jar beihre watering.

6. Ask students to infer what they think will haR
pen to their plants in the next few weeks. Re-
card their inferences.

7. Have each student keep a record of each plant
A. B. C, in his'her group twice a week (se

handout, Data Workmheet). They are to note
changes in the plants. Keep records until some'
plants die or begin to die.

H. At the end of record keeping have students dis-
cuss and decide which plant is the healthiest
and which the least healthy. Have students
rank plants from healthiest t #1 to least healthy
14,4i and give explanations shout what they
think happened. Next, have students predict
what would happen to plants and animals living
in water containing the various ingredients
used in the experiment.
`,...11111114.11
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'7 DEADLY DRINK

9. Discuss the following questions:

1. Why aid we use oil, vinegar and detergent to
add to water for the plants? (These are repre-
sentative of chemicals that often end up in
our waterways and in the ground.) Ask stu-
dents how these substances can enter our
watery, ays or soil. (Littering, spills. improp-
erly maintained garbage dumps or sewage
treatment plants.)

2. What are possibilities for solving or helping
solve the water pollution problem? (How can
we control the flow of wastes from littt'rers,
landfills, factories. and bulinesses set we 4
not contaminate our soil waterways?

Evaluation H.,. students complete the
handout, Cann, and Effect and Po Milian. Before
students work on this handout, you will need to de-
fine the words in italics: sewage, pesticides, toxic,
phosphates, algae, leachate. (See Background Infor.
motion of Chapter 8 for explanations of these terms.)
Thu could also harz :iudents look up these words in
dictionaries befke they begin working on the hand -
out.



DEADLY DRINK
DATA WORKSHEET

A. Plant Observations
1. Look at each plant very carefully.
2. Record results such as height (use centimeter rules ), color, whether plant seems

wilted or not. Write any other information about your plant that you think is
important.

DATE Plant A
(oil in water)

Plant B Plant C Plant D
(detergent in water) (vinegar in water) (clean water)

B. After completing the above chart, talk with your group and come to a conclusion on
how to rank (put in order) which is the healthiest (#1) to the least healthy (#4). Put
letters of plants in the blanks below.

#1 #2 #3 #4
healthiest least healthy

C. Explain on the back of this sheet why you think #1 was the healthiest and #4 the
least healthy. Also, explain what you think would happen to an animal that drank
#4 water or ate #4 plant.

1918 Obit, th-pArtmetst td Nutunil Ilsnurrvh
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7 DEADLY DRINK
CAUSE AND EFFECT AND POLLUTION

Directions: Read the sentences below. In each sentence, underline the cause and circle
the effect.

1. Fish and plants can become sick or die because improperly treated sewage from
sinks and toilets in some cities flows into streams, rivers and oceans.

2. Since wastes flow into the stream, the water in the stream is not safe to drink.

3. Rivers can become polluted if pesticides are washed off the land into the_n.

4. The factory was dumping toxic chemicals into the stream, so fish and plants died.

5. Phosphaies from detergents, when dumped into rivers, make algae grow rapidly.

6. As algae grow they use the oxygen needed by fish, so fish sometimes die.

7. Wastes buried in a landfill combine with water from rainfa:1 to create a polluted
mixture called leachate.

8. The underground water well became polluted when leachate seeped through the
bottom of the landfill.

Choose two of the sentences above. For each write a sentence telling what could hap-
pen next. Continue each sentence on the back if you need more space. Write the num-
ber of the sentences you choose in the parentheses.

2 2
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CONCENTRATED CHEMICALS CHAPTER 7

INTE101 DI A

Objectives Students will be able to: Ili
describe how hazardous waste can end up in wildlife
habitats; (2) explain how harmful chemicals affect
food chains. Students will improve their abilities to
make inkrenees and cooperate in groups.

Method Students participate in a simula-
tion to discover the meaning Of bioaccumulat ion and
bimoncentration. Through discussion and handouts
students will predict what can happen to a food
chain in a polluted environment.

Duration: three to four class periods

Setting: classroom

Subjects: Science, Language' Arts

Curriculum Reference: 3.1. 3.2, 4.1

Preparation s ip,. -1 eight,
ounce cups, 2 fifteen-ounce cups. 1 quart container, 8
brown beans and R white beans per group.

Vocabulary bioaccumulation, biocon-
centration, carnivore, chemical effect, contamina-
tion, food chain, habitat, hazardous waste,
herbivore, litter, physical effect, producer

Handouts Don't Break the Chain; II All
Adds 17p

Procedures
1. Discuss the effects of litter and waste on wildlife

and explain what hazardous waste' is, (Many
types of litter can be physically harmful to ani-
mals, but hazardous waste is chemically harm-
ful to them.) Give examples of how litter can be
physically harmful to wildlife.

2. Explain to students the following two terms as
important for understanding how waste can he
chemically harmful to wildlife.

Bloat-cumulation the accumulation inside' a
living creature of a chemical that cannot he me-
tabolized or excreted before more of it enters the
organis-r.. The substance' is then stored in some
body part, often fatty tissue or bones.

Bioconeentration -- is the passage of bioaccmnu-
lation up a lime' chain, resulting in greater and
greater concentration of contaminants in am-
mals.

'It'll students they will now engage in an act iv-
ity that demonstrates the process of biocancen.
t rat ion.

3. Divide the class into two groups of fifteen stu-
dents. (If you do not have' enough students fiw
two groups. you will still need tow group of fif-
teen students while the others observe.) Ar-
range students in pyramid fashion. Give eight
of them ;t five-ounce cup each, give four of them
an eightounce cup each, give two of them a
fifteen-ounce cup and give one a one-quart eon,
t ;titter. You will also need eight brown beans and
eight white beans for each of the two groups,

4. mu students they will use' cups and beans to
show how a harmful chemical can concentrate
in a Nod chain.

a. 8 five-ounce cups represent aquat iC plants
such as algae.

b. 4 right - ounce' cups represent aquatic
insects.

1!4" 41h.. 1011,1111!..W N.11,ir .1% II I. is ;1 It
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CONCENTRATED CHEMICALS

c. 2 fifteen-ounce cups represent fish.
d. 1 quart container represents an eagle.
e. 8 brown beans represent useful foml value

in tissue.
f. 8 white beans represent a chemical that

bioconcentrates in plant and animal tissues.

Give each of the eight students in the group that
represents a plant (ones with the five ounce
cups), one white bean and one brown bean.

5. Explain to students that in this food chain each
insect eats two aquatic plants, each fish eats
two insects, and the eagle eats two fish. The
brown beans and cups are digested and used by
each member in the food chain, but the white
beans hioconcentrate. Before beginning, have
students infer what type of pollution the white
beans might represent. (pesticides used on fields
near water, leaking toxic waste from drums at
an improperly controlled dump near the water.
or leachate from a solid waste dump) Proceed
with the activity in the following steps:
a. Each aquatic insect receives four beans from

two aquatic plants (a white and a brown
bean from each plant ).

b. Have each aquatic insect. take out one of the
brown beans. Ask why? (represents food
burned up as energy by the insect) Why does
one brown bean remain? (represents food
stored which helps the insect grow)

c. Each fish receives six beans from tW(;
aquatic insects (one brown bean and two
white beans from each insect ).

d. Have each fish take away one of the brown
beans. Ask students what, this represents as
discussed in "b.-

e. The eagle receives ten beans from the two
fish (one brown bean and four white beans
from each fish).

f. Have the eagle take away one of the brown
beans and tell what this represents. Why is
one brown bean left? Ask the eagle how
many white beans are in his or her cup.
What does this represent? (bioaccumulation
of a harmful chemical) Ask students what
the steps in the exercise represented?
(bioconcentration) Which beans bioconcen-
trated? It he white ones)

ti. After enacting the sequence have each student
complete the handout. It All Adds l'p.

7. Hefei. to the handout and ask students how peo
ple might be affected by the pollution in this
food chain. (They could consume harmful chemi-
cals by eating the fish.)

S. Discuss with students how the improper dis-
posal) of hazardous waste resembles littering be-
havior, but a more dangerous form of littering.

Evaluation Have students complete the
handout. lion't Break the Chain.
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CONCENTRATED CHEMICALS
DON'T BREAK THE CHAIN

Directions: Read the passage below and answer the questions that follow.

All energy starts at the sun and is passed along the food chain. Producers are the first
part of any food chain. Producers are plants that change the sun's energy into other
forms of energy that is passed on as the plants are eaten. The next part of a food chain
are the herbivores. Herbivores are animals that eat producers. They get their energy
only from producers. Carnivores are mostly animals that eat only herbivores. They get
their energy from the herbivores. A sample food chain would be:

SUN Producer: Clover

lop

Herbivore: Rabbit. Carnivore: Owl

1. in complete sentences, explain how each member in the sample food chain gets its
energy. Use the words producer, herbivore or carnivore in each sentence.

Clover:

Rabbit:

2. How might the clover become contaminated by harmful chemicals?

3. If the contaminated clover dies, what will happen to the rabbits and owls? (Answer
this question on the back of this page.)

NSP4 Ith:" lhpartni,f 1,1 Nal lira! lit",,Urr,'
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7 CONCENTRATED CH EM ICA LS
IT ALL ADDS UP

ilDirections: Answer the questions in Part A below and then fill in the boxes with X's
and 0's to represent what happened in the activity. The X's represent the white beans
(pollution) and the 0's represent the brown beans (food). Then answer Part B.

0 -

/

X0

0 0

ir

0

1

PART A

What. living organisms do the boxes in row "11' represent?
What living organisms do the boxes in row ''C" represent?
What living organisms do the boxes in row "13- represent?

What living orgaisin does the box in row "A- represent?,

PART B

Explain what happens to the brown (food) and white (pollution) beans as they move up the
food chain.

teontinue answer on back)

0., )
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Chapter 8

Hazards in the Built Environment



CHEMICALS AND WASTE MATTER:
SOURCES OF POLLUTION CHAPTER 8
Chemical Compounds and Hazardous Waste

All the materials we throw away -- paper, glass.
plastic, make-up, paint thinner are composed of
chemical parts called elements. There are 92 ele-
ments that occur in nature and thirteen others that
have been made by humans in laboratories. Some
examples of elements are oxygen, hydrogen, iron
and aluminum. Elements are rarely found in their
pure natural state. Rather, they are usually found as
different combinations of elements known as com-
pounds. Water is a compound made up of oxygen and
hydrogen, each of which can be separated from wa-
ter in a special process. In order to obtain pure alu-
minum, aluminum must be separated from the
compound aluminum oxide found in bauxite or alu-
minum ore. Some compounds, such as cellulose
found in wood, are natural. Others, such as plastic,
are human-made.

There are two types of compounds: organic and inor-
ganic. (hgank compounds contain elements such as
carbon, nitrogen and oxygen and are associated with
living organisms. Paper is an organic material made
from the organic compound cellulose found in wood
fiber. Plastic is an organic material made from the
organic compound petroleum which was created
over millions of years from decaying plant and ani
mal matter. inorganic compounds do not contain tlw
element carbon and are associated with elements
(such as iron and copper) that are not produced by
living cells. Glass is an inorganic material made
from the inorganic compound sand.

Materials made from organic compounds break
down or decompose in different ways than do materi
als made from inorganic compounds. Organic com-
pounds can usually be broken down by organic or
living organisms such as fungi and bacteria. Paper
containing the compound cellulose is broken down
in this manner. Inorganic compounds require the ac-
tion of sun, wind, water and/or oxidation trusting) to
break down. Iron, an inorganic element in steel, is
susceptible to rusting. Some organic and inorganic
compounds defy the general rule noted above and
are hardly susceptible to decomposition of any natu-
ral kind. Plastic is an example of an organic mate-
rial which is impervious to organic decomposers
such as bacteria and fungi. Glass is an inorganic ma-
terial impervious to weathering. That plastic and

glass (human-made materials) are so durable com-
pared to wood or other elements found in nature, in-
dicates what humans can do with natural elements
to make chemical compounds that are stronger and
more persistent than those which exist in nature.

Some compounds are used in different ways to either
form substances and materials that are safe or form
substances and materials that can be hazardous to
human health. Plastic, made from the chemical com-
pound petroleum, is nonhazardous (unless it is
burned). Motor oil, which is also made from petro-
leum, is a hazardous substance because it can be
toxic. A product or waste material is considered haz-
ardous if it exhibits one or more of the following
characteristics:

Ignitability Substances that can create fires under
certain conditions.

Corrosicity Substances that are capable of corrod-
ing metal.

Reactivity Substances that can create explosions
and/or harmful fumes or vapors under
normal conditions.

hoxicity Substances that are harmful or fatal when
ingested or absorbed.'

Adverse effects on human health from exposure to
toxic chemicals or to air and water polluted by toxic
chemicals can include damage to living tissue, im-
pairments to the central nervous system, illness,
birth defects and death. The amount of any one toxic
chemical which can cause harm to human health
varies with the nature of the substance, the route of
exposure and the length of exposure. Two general of

of exposure to toxic substances can be identi-
fied: effects termed acute and effects termed chronic.

Acute effects for acute toxicity) refers to any harmful
effect produced within a short period of time, usually
24 96 hours after contact with a toxic substance, re-
sulting in severe biological harm and often death.
We are familiar with many chemical products in our
homes that could have th'_:se toxic effects; they con-
tain warning labels about ingestion and inhalation.
Chronic effects for chronic toxicity) refers to any
harmful effect produced after a long period of time,
usually resulting from repeated exposure to low con-
centrations of a toxic substance. Chronic effects can

'Stott mg Thy iiiizardrotes PrHhIon, 1,3".NN R( 'HA Prngriv,I S EPA, NPrvitiber. l9s61. p 5.
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CHEMICALS AND WASTE MATTER: SOURCES OF POLLUTION

Background Information

happen by drinking contaminated water or working
over a long period of time with construction materi-
als that contain toxic substancesY

The use of some toxic chemicals has been banned be-
cause of the threats to human health. Asbestos has
been banned from use in many products and is being
eradicated from buildings where it was used in insu-
lation. PCB's, traces of which are found in the blood
and fatty tissues of most people, have also been
banned. Yet, many chef. icals which have been
banned still exist in our environment, in products
made before bans were initiated and in dump sites
that have yet to be cleanrd up.

One of the major problems with products made from
toxic chemical compounds is that eventually they
must be disposed of in the environment. Many chem-
icals identified by the EPA as toxic are disposed of by
industries and businesses in special ways so that
they are carefully monitored and controlled to pre-
vent environmental damage. But toxic substances
found in many consumer products, such as shoe pol-
ish and oven cleaner, are often thrown away with
household waste. These household hazardous wastes
are often disposed of in the ground in sanitary land-
fills. Although sophisticated control techniques are
used in many sanitary landfills, these landfills are
not as rigorously designed and monitored as are -se-
cure" landfills, designed specifically to handle haz-
ardous waste. This means that careful treatment
and disposal of household hazardous products by

consumers is becoming increasingly important.
More about this will be discussed below, including a
guide to the disposal of household hazardous waste.

We really can't say for sure whi.t happens when the
leftover contents in containers for toilet bowl clean-
ers, paint solvents, shoe polish, detergents, house-
hold bleach, metal cleaners and antifreeze are

buried in the ground. Furthermore, we can only
speculate about the hazard and toxicity of the mix-

ture of these chemicals with rain and surface water
that percolate through a landfill and form a sub-
stance called leachate. We do know that each of
these products individually is hazardous in some
way. And many of the chemicals used in these prod-

ucts are very persistent, meaning they are not bro-
ken down by temperature changes, alkalinity or
acidity, or by micro-organisms, except over a very
long period of time. In addition, some parent com-
pounds in the degradation process break down into
other compounds that are more toxic or persistent
than the parent compounds.

Many hazardous materials and substances have

been identified and their disposal is strictly regula-
ted. But the number of chemicals is very large: 4
million have been registered with the American
Chemical Society; 60,000 different ones are pro-
duced annually; and thousands of new chemicals are
developed each year. 'costing for the effects of these
chemicals upon health and environment, separately
and/or in mixtures, lags far behind production and
disposal. Once a substance leaks from its jar or can,
whether disposed of properly in landfills, incinera-
tors or storage facilities, or disposed of improperly in
sewers, waterways. or backyards, it becomes very
difficult to predict changes that may happen to it
which can affect the environment and human
health. Climate, temperature, acidic and alkaline
conditions, as well as plants and micro-organisms
are variables to be considered. And the chronic ef-
fects of harmful substances may not be discovered
until unfortunate results have appeared. (DOT was
used for 30 years before its long-term toxic -'fleets
and movement up the food chain became kr own.)

The most important concern about the land disposal
of wastes containing toxic substances is the effect of
improper waste disposal upon one of our most valua-
ble resources: water.

Water and lbxic Waste

Fresh water is a major Ohio natural resource. There
are 44,000 miles of rivers and streams; 60,000 lakes,
ponds and reservoirs; 28 major aquifers; and :3,500
square miles of Lake Erie in Ohio. Protecting this
valuable resource from pollution is a major concern.

Recently, the pollution of groundwater (water which
fills the spaces between particles of soil and rock un-
derground) has become one of the major environ-

'Some common toxic chemicals found by the EPA when they are called to clean up a toxic dumpsite include asbestos, arsenic, formalde,
hyde, polychlorinated biphenyls 4PCMO, lead, mercury, carbon tetrachloride and vinyl chloride. These chemicals have been land some
still are) used in various products such as clothing and electric hair dryers (asbestos% pharmaceuticals and pesticides iiirsenici: plywood.
plastics, room deodorants, comet ics (formaldehyde% lubricants and caulking irCirsk batteries and pigments (lead); thermometers, bat-
teries, pharmaceuticals (mercury), metal degreasers and agricultural fumigants (carbon tetrachloride); food packaging and aerosol con-
tainers (vinyl chloride). Depending on the extent and duration of exposure to the chemicals in these products human health can be
affected in different ways: lung cancer and respiratory problems (asbestos% birth defects and skin cancer (arsenic); fatigue, eye in' i4)11:4

and respiratory problems tfos-maldehyde% liver damage and cancer (PCB's); brain and bone damage (lead% kidney damage and birth de
fects (mercury); damage to central nervous system (carbon tetrachloride); lung cancer and liver cancer (vinyl chloride
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CHEMICALS AND WASTE MATTER: SOURCES OF POLLUTION

Background information

mental issues confronting; the nation. In Ohio,
nearly 40 of the population use eyoundwater from
wells for drinking water and household uses. The
majority of this water is found in aguiters (large un-
derground reservoirs of water in layers of porous
rock). Two sources of groundwater pollution are
solid waste landfills and hazardous waste sites, in-
cluding hazardous waste' landfills. Under certain cir-
cumstances leachate. which forms in landfills, has
the potential to reach both shallow and deep
aquifers. Guidelines have been established by the
EPA requiring landfills t.o be built with day or syn-
thetic liners to reduce or collect leachate and to pro-
tect groundwater.' Ohio has over 150 solid waste
landfills that accept municipal and commercial solid
waste; but most of these were constructed before the
EPA guidelines were developed.

As in the case of older municipal waste dumps. older
hazardous waste dumps and chemical ponds rt
ceived and some continue to receive) unknown
quantities of waste prior to the issuing of EPA guide-
lines in 1978. Ohio is a major hazardous waste gen-
erator and a center of hazardous waste' disposal.
There are approximately 75 permitted Ohio hazard-
ous waste facilities that meet EPA recommended
guidelines, including groundwater monitoring.
However, in 1986. there' were also :30 hazardous
waste sites in Ohio that were listed on the Federal
EPAs National Priorities List (NPla for special
cleanup. And there are 850 additional sites which
need furl her investigation to del I °run ne if danup is
riecess try.'

Another important source' of drinking water is scup
face water. Surface waters in Ohio. including rivers.
streams, lakes and ponds, have' become' DC/fluted
with a variety of chemicals from households. busi-
nesses and industries. Fen example, approximately
4(X) toxic chemicals have been found in the' Great
Lakes.'

Three categories of pollutants can he' found in many
of our waterways. They are nutrients, toxic organics
and toxic metals. Nutrients, mainly phosphorous,
come from human and animal excrement, agricul-
tural fertilizers and household detergents that are
released into lakes and rivers from sewage which is
not always properly treated or from storm sewer
drains or from agricultural land. Nutrients act as a
fertilizer for algae and other aquatic plants which

multiply rapidly reducing the amount of oxygen
available 14 fish and other living organisms. This
creates an aging process, referred to as eutrophira-
lion, which causes a reduction in life in lakes and
streams and a deterioration in the water quality
that affects drinking water.

Teak organics are fbund in waterways in the form of
pesticides and other chemicals that wash from agri-
cultural lands and from improperly controlled indus-
trial waste sites. Many very toxic pesticides, such as
DDT and aldrin, have been banned. Although these
can still be found in waterways because they don't
break down easily, their levels are now considered
safe in most locations.

Wale metals totten called heavy metals), such as
mercury, lead, cadmium, and others usually work
their way into waterways through the disposal of in-
dustrial wastewater. Mercury, a very harmful sub-
stance that can cause brain damage and birth
defects, was so prevalent in Lake Erie in the early
1970's that a ban on fishing was imposed. Although
the levels of mercury and other pollutants in Lake
Erie' have decreased substantially, mercury is st ill
washing into the lake from contaminated sediments
upstream in Lake' St. Clair.

Solid and Hazardous Waste Disposal:
What can be done to protect health and
the environment?

What makes most hazardous wastes difficult to dis-
pose of is that they cannot be broken down easily, or
even at all. by microbes such as bacteria or by
%veathering proc'e'sses. Scientists are just beginning
to study the subject of the biological treatment of
hazardous chemicals. In the future, tiny bacteria
may help solve' hazardous waste problems by ingest-
ing certain types of harmful organic chemical
wastes and changing them into harmless sub
stance's. The biological treatment of hazardous
waste is only in its infancy and is rarely applied on
any effective scale.

The most common form of hazardous waste disposal
is to ti eat hazardous materials and bury them in the
ground, either in underground injection wells or in
landfills. One form of treatment before land disposal
is physical treatment where liquids are separated
from solids through evaporation or filtration so that

'Ground Water. Ohio EPA Pulses Interest (-enter. 1957. p 5 Neither do the older sites have ground water monitoring wells.
'ibid., pp. 22 23.
'Great Lakes Anwrico, I'S EPA, Region 5. 1952. p 15.
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volume can be reduced. Paint containing toxic sub-
stances can be treated in this manner. Other toxic
substances can be physically treated by concentrat-
ing them into a thick paste or mixing them in ce-
ment. Chemical treatment can be used to detoxify a
harmful substance by adding chemicals that "neu-
tralize" it. Adding lime to battei acid to decrease
its acidity is one example of chemical treatment. At
a special type of landfill called a secure landfill.
toxic wastes which have been treated are enclosed in
drums and secured in the ground between layers of
clay to inhibit leakage of harmful materials.

In order for a landfill for solid or hazardous waste to
be environmentally safe it must possess certain fea-
tures. These include the following:

a. natural or synthetic liners to contain leachute;

b. gas venting and monitoring systems to control
methane (natural gas), which is a highly vola-
tile gas created at landfills by the natural
process of organic decomposition;

c. monitoring systems to test for groundwater
pollution;

d. specifications for types of waste the landfill is
capable of handling safel ..nd for those which
should not by accepted.

Landfills can he a viable way to dispose of solid and
hazardous wastes if they are properly designed, op-
erated and monitored. The federal EPA (through the
Resource Conservation and Recovery Act) has
imposed strict guidelines to make them as safe as
possible.

Although landfills can be made safe, the incinera-
tion of hazardous waste is emerging as a preferred
method of disposal, because it greatly reduces the
volume of wastes and the need to use scarce land
space. (Landfill space will always be needed to some
degree for ash remaining after incineration and for
wastes that cannot be incinerated). Critics of incin-
eration often identify the potential for air pollution
from gases and particulate matter emitted after
waste is burned. 'lb cut down on air pollution, a vari-
ety of emission control devices can he installed at in-
cinerators. Electrostatic precipitators are the most
widely used.

Incineration is villctivf on some solid wastes and
virtually all liquid otga %,:asteS such as paint and
solvents. Even PCB's van ht. ineinerated at high

Background Information,

temperatures. On the other hand. toxic metals such
as lead and mercury cannot be incinerated. These re-
quire secure, lined landfills.

The best options for dealing with any type of waste
are to reduce the quantity generated, reuse waste
materials if passible, and to recycle as much waste
as possible which cannot be reused. Recycling can be
just as important for hazardous wastes as it is for
household recyclables such as newspapers, glass and
aluminum cans. Although recycling of hazardous
waste can be expensive, when the costs of environ-
mental impacts of various forms of disposal are con-
sidered, the net costs of recycling can be much less
than first indicated.

Hazardous Waste Disposal and Legislation

Over 6 billion tons of hazardous waste are produced
every year in the United States. That's more than
one ton for every person in the country per year''
Given the potential for threats to human health
through improper disposal of this waste, the crea-
tion of regulatory agencies and national legislation
has been necessary. As part of its mission to safe-
guard the environment and human health, the 1..S.
Environmental Protection Agency (EPA), regulates
hazardous waste and the disposal of hazardous
wastes. Two pieces of legislation enable the EPA to
fulfill this mission. The RCSOWVC Conservation and
Recovery Act (RCRA) of 1976 establishes technical
and safety standards for the generation, treatment,
storage, transportation, and disposal of hazardous
wastes. RCRA was amended in 1984 through the
Hazardous and Solid Waste Amendments (HSWA
These amendments expanded EPA's authority, giv-
ing it responsibility to phase out the land disposal of
hazardous waste and to induce industry to reduce
the imount of waste it creates. Another important
piece of legislation is the Comprehensive! Environ-
mental Response, Compensation, and Liability Act,
known as .4aperfund. Superfund allows EPA to clean
up abandoned hazardous waste sites.

In 1972, Congress passed the ('lean Water Act to re-
store and maintain the quality of the nation's water.
The Ohio EPA's Division of Water Pollution and Con-
trol and the Division of Water Quality Monitoring
and Assessment are responsible for carrying out the
goals of the Clean Water Act. These divisions main-
tain close links with the Ohio EPA's Division of Solid
and Hazardous Waste.

r'A Britr Way: (,orde trs III, //t RA Pei '77 'Mug Prtact..sN. EPA. Region 5. Chicago. 1956. p 1

198



Background Information

CHEMICALS AN ASTI*: MATTER: SOURCES OF POLLUTION

The Division of Solid and Hazardous Waste adminis-
ters Ohio's solid waste and hazardous waste disposal
programs. Some of the functions of this division
include:

Inspecting facilities that treat, store or dispose of
hazardous waste:

Technical reviews of hazardous waste disposal
sites;

Insuring that. local health departments comply
with the state minimum standards in their licens.
ing and enforcewnt of solid waste disposal;

Issuing PermitTo-Install (PIT to all new solid
waste facilities:

Inspecting existing sanitary landfills and per-
forming technical reviews of solid waste disposal
sites:

Helping locate solid waste disposal -apacity for
cities, counties and regional areas;

Investigating complaints of illegal open burning
and trash dumping

The Ohio EPA maintains an active, extensive net-
work of employees all over tlw state who will speak

to school classes upon request. They usually talk
about the agency, what the agency does, what causes
pollution. and how students can help. lb request a
speaker, contact the Ohio EPA Public Interest ('en-
ter in Columbus. 644-2160 or the Ohio EPA
District office that serves your county.

Household Hazardous Waste and
What 'lb Do With It

As part of the hackground information to this chap-
ter, two sections are presented below. One is a list ing
of common household hazardous wastes, classified
according to type. The other is a guide to the dis-
posal of household hazardous wastes reprinted from
an Ohio }WA brochure. Another valuable disposal
guide, which includes additional information, can he
obtained from the Enterprise for Education. Inc. in
California. The title of the guide is Hazardous Waste
From Homes. ft can be obtained for a small fee.
Write to:

Enterprise for Education
1320 A Santa Monica Mill
Santa Monica. CA 9040]
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Background Information

EXAMPLES OF HOUSEHOLD HAZARDOUS WASTES

Automobile: motor oil. lubricating oil, brake fluid,
automatic transmission fluid, battery, car
wax, carburetor cleaner, antifreeze,
gasoline

Painting & Woodworking: ename! paint, varnish, latex paint..
turpentine, paint thinner, glue. wood
preservatives

Garden. Pet & Outdoor Supplies: insecticide, herbicide, fungicide, snail and
slug poison, flea powder

ff : ;wwhu!d Clowning Supplies: rust remover, oven cleaner, drain opener.
furniture polish, floor polish, metal polish,
chlorine bleach. moth balls, tub and tiler
cleaners, disinfectant, toilet bowl cleaners

Personal o health Items: shoe polish, expired medical prescriptions.
perfume and aftershave, nail polish, nail
polish remover. rubbing alcohol, mercury
(from broken thermometers

Hobbies ok Recreation: gun cleaning solvent, photographic
chemicals. artist oils and acrylics, ceramic
glazes, swimming pool chemicals

Aerosol cans of all tves.
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A GUIDE To SAFE DISPOSAL OF HOUSEHOLD WASTES*

Cleaners/PolishesAcidsiAlkalines

CHEMICALS AND WASTE MATTER: SOURCES OF POLLUTION

Acids (battery, hydrochloric) and alkalines (drain
openers) burn the skin. The best way to get rid of
acids or alkalines is to dilute them THOROUGHLY
and wash them down the drain. An important safe-
guard when diluting is to ADD ACID TO WATER IN
SMALL QUANTITIES AT A TIME. For example,
add no more than an ounce of acid to a gallon of wai-
ter, dump, and repeat this procedure until you have
no acid left. Never add water to acid or it will splash
and burn you.

Antifreeze

Small amounts of antifreeze (1 gallon or less) can be
taken to your local wo.- liter treatment plant or
else diluted throug .nd washed down your
drain. If you live in the country, pour antifreeze out
along a fence row away from any wells. Animals are
attracted to the sweet taste of antifrewe, so dispose
of it where they won't be tempted. Also, make sure
you spread antifreeze' out as much as possible'.

Arsenic /Cyanide

If you know where the substance' came from (for ex,
ample: if you brought it home' from work) take it
back. Tb dispose of small amounts, place! the original
container inside a larger plastic or cardboard con
tainer and fill the space in between the containers
with lime. Put the' container in the trash. Always
avoid unnecessary handling. Contact Ohio EPA for
information on what to do with large amounts of ar-
senic tir cyanide'.

Bleach

Bleach can be diluted and flushed down your sink
drain. Never mix bleach with ammonia or with
acidic products such as some drain, toilet bowl, and
metal cleaners. Toxic fume's (strong enough to be fa
tall will result.

Car Batteries

You can take old car batteries to a retailer. Check
your yellow pages under "Batteries" for stores that
sell batteries and take used batteries in exchange.

Small amounts of cleaners and polishes (rug, floor,
and oven cleaners; furniture polish) can be disposed
of with the rest of your garbage.

Disinfectants

Disinfectants can be diluted and flushed down your
sink. Disinfectants contain strong chemicals, so use
them conservatively and with caution.

Gas Cylinders

Butane, propane. or other pressurized gas cylinders
sheould not lie disposed of with other refuse because
of the serious explosion hazard 1.3ontact your local
refuse collector concerning disposal of the cylinders.

Gasoline

Gasoline is one of the most hazardous substances
found around the' home because it is poisonous and
flammable. Try to find a way to use up leftover, un-
contaminated gasoline'. If you don't have a lawn-
mower, snowblower, or car that needs a little gas, try
to find a neighbor who can use it.

Herbicides

Try to use' up what you have, avoiding disposal
whenever possible. Small amounts can be poured,
along a fence away from animals. The Ohio Depart-
ment of Agriculture MAY accept small quantities
of useable herbicides. Contact Ohio EPA for informa-
tion on how to dispose of large quantities of
herbivides.

Iodine

Iodine should be packaged in a tightly closed con-
tainer (the original one if possible) and placed in an-
other unbreakable container. Fill the space between
the containers with cat litter, which will act as an
absorbent if the inner container breaks. Dispose of
the entire package in your trash.

*Reprinted with permission from the (Min EPA Public interest Center. (7olumbus. 0141614)644.'2160.
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Mercury

a

Mercury is highly toxic and can be absorbed through
the skin. You should remember two important
things; DON'T TOUCH MERCURY and DON'T
THROW MERCURY IN THE GARBAGE. Your lo-
cal high school laboratory may be interested in tak-
ing it. Otherwise, you should send mercury to a
recycler. Contact Ohio EPA for a list of recyclers.

Paint

If the paint is still liquid, let it harden by taking the
lid off the can. Once the paint solidifies, you can put
it in the trash. If you have several cans of paint you
want to get rid of, don't put them all in the trash at
once; just put out one or two cans at a time. If the
paint is still useable, donate it to a school or commu-
nity organization in your area.

Pesticides

The Ohio Department of Agriculture accepts usea-
ble pesticides for redistribution. (Pesticides include
insecticides and rodent poisons.) If the pesticide is
old or unlabeled, small quantities (one pound/one
gallon) should be securely packaged in several plas-
tic bags and put in the trash. Contact Ohio EPA for
information on what to do with large amounts ofpes-
ticides. Never dump leftover pesticides into soil or
down drains, sewers, or septic tank systems. Also,
never reuse pesticide containers. You should rinse
the container three times, spray the rinse water on
crops or your yard, then throw the container out
with the other garbage.

Solvents

Small quantities of solvents (paint thinner, turpen-
tine, varnish, stripper) should be securely packaged
with cat litter and put in the trash. Do not dump
onto soil, or down sewers, drains, or the toilet. Large
amounts of solvents (more than 10 gallons; should be
taken to a recycler. Contact Ohio EPA for a list of
recyclers.

Background Information

Used Motor Oil

Motor oil should be recycled. Contact the Ohio EPA
to obtain information about the recycling center
nearest you, or call a local service station and ask if
they will accept your used oil. A convenient way to
hold oil for recycling is to funnel it intoan old plastic
jug or gallon container.

Safety Measures

DO: Wear gloves and protective clothing to
prevent skin contact.

Handle the substance gently, especially
if you don't know what it is.

Thoroughly dilute any liquid you are
going to wash down your drain.

When disposing liquids, always put the
original container into a second con-
tainer and fill the space between with
an absorbent.

Keep toxic substances out of the reach of
children and pets.

Always read labels when you want to
dispose of a product.

Avoid unnecessary handling by trans-
porting or disposing of materials in their
original containers.

DON'T: Mix wastes together.

Dispose of large quantities of any toxic
substances in a septic system.

Bury or burn containers or leftover
substances.

Collect various hazardous materials to
dispose of at one time.

Breathe fumes from toxic materials.
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Background Information

Alternatives to 'ffixie Substances

PRODUCTS ALTERNATIVES

Drain Cleaners Pour boiling water down the drain.

Paints and Solvents Use water-based paint if possible.

Pesticides Use "pest management." Keep your lawn and garden weed-
free. Destroy infected plants.

Houseplant Insecticide Put soapy water on leaves, then rinse.

Herbicides Hand pull weeds or mulch generously. Cover garden with
plastic in the fall to prevent weed germination.

Oven Cleaners Use baking soda for scouring. For baked-on grease, put 1/4
cup ammonia in oven overnight to loosen, then scrub with
baking soda.

Furniture Polish Make a non-toxic polish by melting 1 tbsp. Carnauba Wax
into 2 cups mineral oil. For lemon oil polish: dissolve 1 tsp.
lemon oil into 1 pint mineral oil.

Silver Cleaner Soak silver in 1 quart warm water with 1 tsp. baking soda, 1
tsp. salt, and a small piece of aluminum foil.

Ask For Help

Don't consider yourself an expert. Improper handling or disposal of hazardous wastes
could be a serious threat to the environment and to you. Contact the proper authorities if
you are not certain what to do.
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SHABBY SHELTER CHAPTER 8

Objectives Students will be able to (1)
explain how litter can provide a way for animals to
meet their needs; (2) describe the harmful conse-
quences to animals and to human he?!th when ani-
mals make their homes in litter. .:itudents will
improve their abilities to find information and to
write creatively,

Method Students use sources of infmnia
tion to research the needs of animals and to infer
how these animals could make homes out of various
littered items designated on a handout. Negative
consequences to animals and to human health are
discussed, and plays or puppet she are produced
based on this information.

Duration: five to six class periods

Setting: el assrooni

Subjects: Science, Language Arts

Curriculum Reference: 4.1

Preparation 0,11. ',mire, inf.
tion (encyclopedias, nature hooks, textbooks) about
animal habitats, including how animals move and
their requirements for breeding and shelter. You will

also need materials to make costumes or puppets. It
would he especially helpful, in regard to the creative
writing exercises, if you could find one of the two
books listed below to read to the class.

Bodecker. N.M. The Mushroom Center Disaster;
Illus. Erik Blegvad. Atheneum, 1974.

Foote, Timothy. The Great Ringtail Garbage Caper;
Illus. Normand Chartier. Houghton Mifflin, 1980.

Vocabulary habitat. harmful, health,
litter, shelter

Handouts Litter Homes: Litter
Attraction

Procedures
1. Briefly discuss unusual ways that animals

might use litter: a straw used as a home by in-
sects, or a snake living inside a discarded cooler.
Do not mention items on the handout, Litter
!hunt's, for examples.

2. Distribute the handout., Litter Homes, following
your discussion. You may want to have students
livid into groups of four or five to work on it. In
:order to complete the handout have students re-
seeIrch insects and/or animals they think could
make homes in the litter based on their require-
meats for shelter and/or food and/or reproduc-
tion. You may want to provide a list of insects
and animals appropriate to consider: rats,
roaches, flies, mosquitoes, snakes, etc. Reasons
given by students on the handout might include
statements like the following: "Roaches need a
dark, damp environment so an old damp boot
left out in the rain may serve as a home." "Mos-
quitoes like to breed in still water, such as water
trapped in old tires." "Mice could find shelter
from their predators in a boot." You may want to
have students find examples of litter in addition
to those on the handout and suggest what ani-
mals could make use of t hese and for what
reasons.

3. Discuss answers to the handout from two view-
points.

a. How can these animals harm humans?
Check to see which students' answers in-
clude rats, mosquitoes, flies, roaches, snakes
and others that can clearly be harmful by
spreading disease and/or biting and infect-
ing people.

191414 oh. Ikimithwn, d ,;;tur,.1 lb-4.r,-. -WC* C.C11,141 F 011, jilt. 1,141441 S4 h .1 1;t4It ille. 1tt
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b. How can animals themselves be harmed by
relying on these unnatural sources of shelter
(e.g. Water could get trapped in a boot and
drown small insects living there. Animals
could inhale styrofoam and suffocate. They
can ingest styrofoam and starve because
their appetite becomes suppressed, yet they
are without nourishment. Chemicals in
tubes or circuits of TV could kill an animal.
Glass breaks and cuts animals.)

4. Students should work in groups of four or five.
Each group is to select one type of litter habitat
from the handout. They are to write a script giv-
ing the point of view of the animal(s) living in
that litter habitat. The script could include the
animal's feelings about humans, why they have
chosen this piece of litter as a home. etc. To give
Et udeat s an idea of possible scenarios you could
read one of the books mentioned in the Prepu.
ration to students.

5. When scripts are written. the students can act
out the play or they can present it as a puppet
show.

Evaluation Ask students to write down 11111
the following claim: "Even though litter may pro-
vide homes for animals, natural homes for animals
are better because litter can harm animals and it
provides homes and nouriihnlellt for animals that
cause harm to humans." Have students explain the
claim orally or in writing. Give students the hand-
out. Litter Attraction, to complete. Have each stu-
dent present his or her drawing to the class and post
these on the bulletin board. In each case. ask stu-
dents how the piece of litter was disposed of improp.
erly and if the object could be recycled or not.
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Directions: Animals, both small and large, can make homes out of trash. For each item
below name an animal that could use it for a home and explain why.

OLD TIRES

Animal:

Reason:

OLD BOOTS & SHOES

Animal:

Reason:

GLASS

Animal:

Reason:

CANS: ALUMINUM OR METAL

Animal:

Reason:

STYROFOAM CONTAINERS

Animal:

Reason:

JUNKED TELEVISION

Animal:

Reason:

Itt, IN. I ki.1411t 1111111 nt 1.1N hi I 1St-, 3 i
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LITTER ATTRACTION

Directions: Draw the piece of litter that is attracting these flies.

208 23 6
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LITTER REALLY HURT ME CHAPTER 8

IN:rERmEDIATE

Objectives Students will be able to (b.-
scribe different ways that litter can harm people.
Students will improve their abilities to cooperate in
groups, to coned data and to graph data.

Method Students discuss and record differ-
ent ways litter can he harmful. They construct a sur-
vey form and work ill groups to decide who they will
survey. After collecting surveys they organize data.
they figure percentages and they express results in a
graph.

Duration: five class periods

Setting: classroom. community

Subjects: Social St tidies, Mathematics

Curriculum Reference: 4.1

Preparation nave pictures of litter
available. If possible, find pictures of people injured
by litter to show to class.

Vocabulary accident. data, graph, lit
ter, percentage, survey

Handouts Litter Accident Surrey Form;
Litter Accident Data; Data Presentation

Procedures
1. In a class discussion, define litter and relate it

to accidents. List examples from students' expe-
riences of accidents caused by litter.

Divide the class into small groups and allow stu-
dents to devise a survey for types of accidents
caused by different kinds of litter. You may wish
to use the sample handout provided, Litter Acci-
dent Surrey Form. On this form each group
adds two extra examples discussed in class. Stu-
dents in each group decide to whom they want
to give their survey: to parents and relatives, to
neighborhood residents, etc. Each group should
try to have 25 or mor respondents targeted. If
giving the survey to neighborhood residents,
you may want each group to define a specific
territory so residents do not receive more than
one form. MAKE SURE TO CONSTRUCT A
COVER LETTER TO APPEND TO THE SUR-
VEY DESCRIBING THE SURVEY TO PAR-
ENTS OR COMMUNITY MEMBERS.

2.

3. Allow several days for completion of the assign-
ment.

4. Have each group record their data. Use the
handout. Litter Accident Data, for this proce-
dure. There is room for groups to add the two ex-
tra questions they put on the survey form.

5. After students have calculated percentages in
the Litter Accident Data handout, have groups
present their data in graph form with percent-
ages indicated by making a bar graph using the
Data Presentation handout. Display and dis-
cuss results.

fi. Discuss ways that communities can prevent ac-
cidents caused by litter.

Evaluation Post the survey material
(the Litter Accident Surrey form and the Data Pres-
entation handout) from each group in various sta-
tions throughout the room. Have each student write
down the following qu.!stions and give answers
based on their analysis of each group's data.

1. Which type of accident is the most frequently re-
corded in all groups together?

19$$ Ohn, Drpartrrivut !tinturid Itesout,. drurf Kathieuu F. Atianin. NIvntp, !% 1a1Nnr1 rt;.hinn1.trhv
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2. For each category, add up the total number of
tallies from all groups. Figure what percentage
of the total number of all accidents from all
groups each category represents.
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LITTER REALLY HURT ME
LITTER ACCIDENT SURVEY FORM

1 Have you ever been hurt by a sharp, rusty object left, as litter? Describe briefly.

2. Have you ever been harmed or made sick by a dangerous substance left as litter? De-
scribe briefly.

3.

4.

Describe briefly.

Describe briefly.

A. If you have ever had to receive medical attention from a doctor or hospital for any of
these accidents, please describe on back.

B. Have you been hurt by litter in a manner not described above? If so, put on back as well.

11.04$ Him itpM1111,21 41'N
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LITTER ACCIDENT DATA

Dirertions: Make a check mark for each recorded instance in the TALLIES space. After recording all tal-
lies, add up the total and enter in the TOTAL column. Figure what percentage of the total numiaer of
accidents each accident description represents by dividing the total number of tallies for all accidents by
the total for each accident.

Number of People Surmyed

ACCIDENT DESCRIPTION TOTAL PERCENTAGES

1. Have you ever been hurt by sharp. rusty objets
left as litter?

-
2. Have you ever been hurt by dangerous substances

left as litter? -
a

,

4.

5. Other examples

.._

-

Show bow you have figured percentages for 1..5 helm% .

#1

TOTAL NUMBER
OF Al L

MTIDENTS

#2 #3 #4

I 1. t Oh. Da it at'ah. a aas ,,,,araa
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DATA PRESENTATION
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IS THE WATER FIT TO DRINK? 8cilAPTER

111111=1111111EMMELEM1111111111111

Objectives Students will be able to: it)
explain why water for drinking must be filtered; i21
describe how clean looking water may actually he
polluted. Students will improve their abilities to
make COMpUrtit/IT (thSertlititMS and to nuinipulute
equipment useful in experiments.

Method stlidclii:N eutlfgenlie tit grulipS tit
conduct an investigation of tw:i polluted water Sani-
plvs and a sample of clean 'Amer. They use micro
scopes and record their observations. They filter the
polluted water samples and once again record their
observat nms.

Duration: five to six class periods

Setting: daSSIltolli

Subject: Stivilee

Curriculum Reference: 4.2

Preparation Gather one large bucket
of water from a stream or lake which appears pol-
luted. Make another bucket of water polluted with
litter from the classroom: let it sit for 5-7 days before
beginning the activity. This may include any tiny
items from the waste basket: small pieces of paper

from the floor. sweepings from violist-min floor, scrap-
ings from bottom of shoes, tiny particles from bottom
of a de'., organic food items such as gum, candy.
food crumbs, etc. Yciu will also need a third container
of non polluted tap water. Each group of three stu-
dents should have a microscope, two microscope
slides, two cover glasses and an eye dropper. Also,
each group needs two dear glass one-quart wide-
mouthed mayonnaise jars, a coffee filter. a rubber
band and two baby food jars. The teacher should he
ready to explain the correct use' of the microscope,
slides and cover glass. Paper and pencil wilt be
needed by each student.

Vocabulary filter, pollution, purify.
sample, waterway

Handout Filtering biter

Procedures
PART i

Each group should prepare a slide of a drop of
non-polluted tap water. Have students use this
slide in the microscope to observe the non-
polluted w ;tier. Earl> student in the group
should draw on a piece of paper what they have
ooserved. Label t his 'net ore' "non-polluted
water."

2. Each group should prepare a slide of a drop of
classriiian polluted water and observe it under
the microscope. Once again each student should
draw on a piece of paper what they observe and
label t his -classroom polluted water."

:3. Repeat the same procedure with the polluted
lake' or ~ti't'an, water. labeling this sample "pol-
luted waterway water."

.1. Have students compare their three picture's.
Which water is the most polluted and which the
least? Why? Talk with the class about pollution
and

PART 11

1. Make note that much of our drinking water
comes from streams and lakes or from under-
ground wells that can often he polluted by mate.
rial which students have observed in their
pollution samples. Discuss how the pollution
could get into the water. Ask students what
might he in the waterway polluted water sam-
ple that could be dangerous to human health.
Discuss how hazardous materials can find their

tostri ()tun thiattnnt .4 Sotto' ki ittNoto.t*.r, III AMC S)St 'I 1,41,1. Ylesurns ll'Ily.,tuvt ,4n4 .1t,hr) H Eletriunt,ir), .1.401t-HArt, 1)5,
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way into drinking water SOtliveS, Ask St11411,11tS
how the pollution in thy twit polluted samples
might be removed.

2. Have students work in small wimps again, Pass
out, a mayonnaise jar, coffee filter, rubber hand
and two baby fotid jars to each group. Demon-
strate the method for attaching filter paper to
the mouth of thy mayonnaise jar by folding thy
edges of the filter over the lip of the jar and se
curing it with a rubber band on the innSith trt.
the Lt.:. Nsk the students to get a sample of lit
lewd %%.iiter 114111 the -classroom polluted wa
ter- using the baby filo(' jar.

1. Direyt a member 111-each group to pour the water
a Nth. at a time (so as not to damage filter) into
the filter while everyone observes the results.
Have students describe what is left in the filter.

4. Repcat the enrol elhire with the -polluted water
way water" sample.

llave the student s make slides of l'u two water
samples that have just been fihered a '41 anti
pure with slicks of the original tap %vilt.4..r. ident i
liable matter should still show up under the
microscope in all three slides.

d. Exp)ore these observations by having students
complete the handout. Filtring Maur. Discuss,
Question ot-t on the handout is particularly
important. Step 7 below is a follow-up to this
eldest ion.

7. Have stlIdents research different reasons Mi.
v:iter may init be fit to drink e\eit thinigh it
looks clean. and %vny water IllaN look dirty
or pithily(' and not be as harlot ill as cleaner
looking water. Important in this regard
include the following:

Water may contain toxic til,,SUIVIti 41111iral.
or .,1,stiiiics (11),0 ma\ not ho iu
a microscope!,

Water may contain disoso producing o.zan
isnis such os bacteria. which are often vi:
hl, or vitio,:. not visible even under a
mioscipe.
Water inav ontahi ScPfit in that looks and
smells had but is no: re:ill "harmful.-

Evaluation Have each student identify
five substances which can pollute our waterways
and explain in each case how the pollution could
hart' gotten in tin' water.
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IS THE WATER FIT TO DRINK?
FILTERING WATER

Directions: After you have observed the filtering process, answer the following ques-
tions to the best of your ability.

1. Write a brief description about. what you observed when the water from the two polluted
samples was drained into the bottom of the filtering jars.

2. Based on the type of matter you have observed in the filter, why is it important to filter
water?

3. ii you Still ,aiW part ides Of mat. ter 01 t lw "filtered.' water under the microscope, explain
how this hitiTcoed

4. On the hack. explain why waiter which looks dear may still not be fit to drink.

I It. fil
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POLLUTION AROUND THE WORLD CHAPTER 8

I NTE M EDI ATE

Objectives Students will be able to: (1)
identify sources of pollution in the U.S. and around
the world; (2) classify different types of pollution; (3)
describe the harmful effects of different types of pol-
lution. Students will improve their abilities to lead
discussion and to write creatively.

Method Students gather information from
newspaper and/or magazine articles. They display
and lead a discussion about the information. They
find where their articles are about on a world map.
They infer the effect of pollution by writing an arti-
cle as if they were individuals involved in a pollu-
tion event.

Duration: ongoing during a month or more,
requiring one or two class periods
on selected days

Setting: classroom

Subjects: Science, Social Studies, Language
Arts

Curriculum Reference: 4.1, 5.4

Preparation one large world map, one
large U.S. map, yarn; articles from sources of

current information such as newspapers or maga-
zines from borne; bulletin board, paper to mount ar-
ticles, glue or tape

Vocabulary country, location, pollution

Handout Subject - Predicate Pollution
Statements

Procedures
1. Us the following current event activity on se-

lected days to begin a science lesson. Put the
caption, "Where is Pollution?" on the bulletin
board above a world map and a U.S. map. Do the
first example to show students what you expect:
Find an article in the newspaper that pertains
to some form of pollution and cut it out. Mount
it on a small piece of construction paper. After
reading the article, discuss with students the
form of pollution and the effects it had and may
have in the future on plants, animals and/or
people. After the discussion put the article on
the bulletin board with yarn going from the ar-
ticle to the state or country discussed in it.

2. Have students complete the Subject-Predicate
Pollution Statements handout to give them an
idea of types of pollution they can look for in the
press. Discuss all types of pollution. Now have
students find their own articles and display
them. As students bring in their articles, en-
courage them to read these aloud and lead a
class discussion. Some students may not get the
newspaper, so it is a good idea to bring one in
each day km students to search through during
their free time.

3. When you have a day when NO form of pollu-
tion hits the headlines, APPLAUD!

4. lb reinforce the idea that there are many types
of pollution and pollution behaviors, have stu-
dents look at each article (may want to give
each article a number) and decide what type of
pollution is described. Sample categories: a. lit-
ter, b. solid waste from consumers, c. solid waste
from business or industry, d. solid waste that be-
came hazardous through incineration or dump-
ing, e. hazardous waste (liquid, solid or gas) that
was not properly contained, f. chemicals used to
protect crops or plants, g. chemicals used to
fight insects or parasites and h. other.

(01988 Ohio Deparunt rt a! Natural Keseueivio; finny '*mans .1. Given, Summit Eleineatary Mumma Stamm. Oh)
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POLLUTION AROUND THE WORLD

Evaluation Have students assume the
hypothetical role of a person actually involved in
one of the events posted on the bulletin board. They
could write an article for the local newspaper abouL
what happened to them in the situation described in
the article they chose.
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8POLLUTION AROUND THE WORLD
SUBJECT-PREDICATE POLLUTION STATEMENTS

Directions: Underline the complete subject once, and the complete predicate twice.

1. Polluted water can harm animals and people.

2. Pesticides and herbicides can damage soil.*

3. A big oil tanker may spill a huge load of oil into the sea.

4. A toxic spill from an overturned truck may force people from their homes.**

5. The fish were killed by toxic metals which ran into the water.

6. The average American throws away more than 252,000 pounds ofgin .,age in a

lifetime.

7. The Environmental Protection Agency estimates that there are over eighty thou-

sand dumps with toxic waste in the United States.

8. Litter can harm plants and animals.

9. Waste products from power plants can be dangerous.

10. The fifth grade students helped pick up litter on the playground.

Look up the definition of the words "pesticide" and "herbicide:.
** Look up the definition of the word "toxic.-

19S. 'hi" lielwrittpunt Natlat LAI lb...mit-yr,
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HAZARDS AND WASTE CHAPTER 8

I NT E DIAi E

Objectives Students will be able to: (1)
describe what makes some household products haz-
ardous; (2) explain the importance of warning labels
on products: (3) classifi. household hazardous prod.
ucts by use; (4) identify methods of disposing of
household hazardous products and containers when
no longer needed and explain how improper disposal
can pollute the environment and water supply. Stu-
dents will improve their ability to snake infrrenees.

Method Students make adjectives out of
nouns and verbs to describe the characteristics of
household hazardous products. They identify haz
ardour products in their homes and read labels with
the help of adults in order to classify household haz-
ardous products. Students make inferences from an
illustrated map to answer questions about the ef-
fects hazardous product disposal can have on the en-
vironment. They create their own labels for
hazardous products.

Duration: five to six class periods

Setting: classroom, home

Subjects: Science, Language Arts

Curriculum Reference: 4.1. 4.2

Preparation writing materials,
dictionaries; snme samples of household hazardous
waste products with warning labels {Find an item
from each household category identified ia the Back-
ground Information, p. 200)

Vocabulary aquifer, brand name, corro-
sive, environment, generic name, hazardous, house-
hold, ignitable, incinerator; open dump, pollution,
reactive, sewage treatment plant, sy nonym, toxic,
warning, water purification facility

Handouts Describing Harmful Waste:
Identifying Household Hazardous Productst; Haz-
ardous Waste Disposal Routes; naming Labels

Procedures
1. Have students complete the handout, Describ-

ing Harmful ;flute, to become familiar with the
traits of hazardous products which often become
part of the waste stream.

2. After completing the handout explain the tul-
lowint; descriptions of hazardous waste to stu-
dents. You may wish to write these on the board.

a. Hazardous waste poses a danger to human
health and to the environment because of
one or more of the f011owing characteristics
which a hazardous substance may possess. It
may be:

ignitable
corrosive
react i ye
toxic

b. A hazardous waste may take the form of a
solid, a semi-solid, a liquid or a gas.

c. Many items that we throw away in our
homes contain hazardous substances. We
call them household hazardous waste.

3. Refer to the list of household hazardous prod-
ucts in the Background Information of this
chapter, p. 200. Find a sample item from each
"household category" to bring in to class to dis-
cuss with students. Try to find products with
warning labels. But, he aware, the hazardous
nature of many household hazardous products is
unknown, or not clearly identified or not often
discussed on the warning label. Sonic products
will say "flammable" or "ignitable" on the la-
bel when they are actually "reactive" and per-

191'04 ()lux, Ihp,0 tut tit 4,1 N.11111.ti Art11,1 Oa, DU%
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8 HAZARDS AND WASTE

haps even "toxic" as well. Many plastics are ig-
nitable and some are also toxic when burned if
they are not burned at very high temperatt.res,
but there are usually no warnings to this effect
on plastic products, Even a material as seem-
ingly harmless as newspaper possesses the po-
tentially hazardous characteristics of being
ignitable.

4. Read the warning labels from the items you
have brought in and discuss the hazardous char-
acteristics according to the four descriptions al-
ready discussed in class. Point out possible
hazards the product may possess but which are
not mentioned on the label. Finally, identify the
category of household waste each product repre-
sents and where it may be found in a home. You
could list the categories on the board and have
students discuss which categories the products
represent.

5. As a homework assignment give each student
the chart handout, Identifying Household Haz-
ardous Products, to complete at home. IMPOR-
TANT NOTE: MAKE SURE YOU SEND THIS
CHART HOME WITH A COVER LETTER TO
PARENTS OR GUARDIANS EXPLAINING
THAT THEY SHOULD HELP THE STUDENT
WITH THIS ASSIGNMENT. Go over directions
with students so they will understand what is
expected. Explain what generic means and also
mention that the descriptions of hazardous
characteristics on labels of products may in-
clude words other than the four discussed in
class. Students, with the help of an adult.
should try to interpret the warnings according
to the four traits discussed in class. This could
lead to a lesson on synonyms.

6. Discuss the completed charts with students.
Make a four category list of synonyms or other
descriptions that have the same or similar
meanings to the four descriptions of hazardous
materials discussed in class.

7. After discussing the completed charts with stu-
dents, draw their attention to another very im-
portant area of concern not shown on the chart,
but which would make an important fourth col-
umn on the chart. Ask them what this might be.
("HOW ID DISPOSE") Have students complete
the handout, Hazardous Waste Disposal Routes.
Before they begin, explain the following items
on the handout:

a. Aquifer - an underground source of water.

b. Landiiii - a place where waste is covered
with earth each day, and before the landfill
is used, a liner (of clay or plastic) is put deep
underground so that waste materials mixing
with rain and other waste liquids do not
leach into the ground (and hence into water
supplies or aquifers - do not mention this
consequence to students before they begin on
the handout). However, if this harmful liq-
uid, called leachate, is not drained properly,
or if the liner does not contain liquid effi-
ciently, harmful liquids may leach into the
ground. Some older landfills do not contain
liners.

c. Trash incinerator a place where waste ma-
terials are burned in a furnace; smoke and
ash residues are created.

d. Sewage treatment plant - a place where
waste water from toilets and sinks goes to be
filtered and cleaned the waste water can
be returned to the environment, in this case
a river.

e. Water purification facility - a place where
water is cleaned before it is piped into
homes; on the map, the water being cleaned
and used for drinking by the people living in
the apartment is river water.

f. Draw students' attention to the yard and
gutter as places where hazardous household
products may be thrown away by people that
are not thinking about the environmental ef-
fects of their actions.

8. Have students look at their charts (Identify-
ing Household Hazardous Proaucts hand-
out) and decide what would be the best way
to dispose of the items .;hey have listed from
home. Refer to Background Information p.
201. (You may want to copy this material for
the students to use.) Students could work in
groups to complete this assignment. Explain
that some hazardous products (motor oil, car
batteries and other items) can be recycled.
Explain why recycling could be the best al-
ternative to any type of disposal of hazard-
ous products.
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8HAZARDS AND WASTE

Evaluation Give each student the hand-
out, %rain' Labels, to complete. Have each student
make a sentence for each of the five adjectives listed
in Question #6 on the handout, Describing Harmful
;Rude.
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8 HAZARDS AND WASTE
DESCRIBING HARMFUL WASTE

Directions: Fill in the blanks below. Use a dictionary to help you choose from answers
given at the end of this exercise. Write out the answers in each blank. This is a lesson
about adjectives that can be made from nouns and verbs by changing their endings.

1. The word hazard is a ..
(part of speech)

meaning
(definition)

The ending will make hazard into an adjective

meaning

2. The word react is a
(part of spee( h)

meaning ,

4definition)

The ending will make react into an adjective

meaning

The adjective form of the word react is

3. The word ignite is a
(part of speech)

meaning

The ending

meaning

To make the adjective form of the word ignite you must drop the letter _ and add

to make the word

(definit m)

will make ignite into an adjective

1!thts )111, purl ritylit Nittlifsi Reto,urrern
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DESCRIBING HARMFUL WASTE (cont.) 8HAZARDS AND WASTE

4. The word corrode is a
(part of speech)

meaning

The ending

meaning

To make the adjective form of the word corrode you must drop the letters _ _____ and

(definition)

_ will make corrode into an adjective

and add

5. The word toxin is a

meaning _ _ _

The ending

meaning

to make the word .

(part of speech)

(definition)

will make toxin into an adjective

To make the adjective form of the word toxin, you must drop the suffix and add the

suffix to make the word

6. Write all five words in italics above in their adjective form;

3. _
2.

19OS Ohio Deportment of Nstursi Resources
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8 HAZARDS AND WASTE
DESCRIBING HARMFUL WASTE (cont.)

ANSWERS:

PARTS OF SPEECH: noun or verb

DEFINITIONS ARE:
a, to catch on fire
b. a danger
c, something that can cause death (poison)
d. to explode
e. to wear away

ADJECTIVE ENDINGS (which are a;so SUFFIXES) ARE:
a. is
b. able
c. ive
d. ous

ADJECTIVE MEANINGS ARE:
a. able to catch on fire
b. dangerous
c. able to cause death (poisonous)
d. capable of exploding
e. can wear away

!WS Ohm Ikp Artmvin Natural ilettrnirers
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8HAZARDS AND WASTE
INDENTIFYING HOUSEHOLD HAZARDOUS PRODUCTS

Directions: Fill out the chart below by finding one example of a household hazardous
product for each type of product already listed. Have a responsible adult help you de-
scribe the waste item and to identify hazardous characteristics of the product. Ifyou can,
think of an additional "TYPE" of hazardous product and find an example to describe
on the last line.

WASTE ITEMS: give generic
description, not brand
name of product

HOUSEHOLD PHYSICAL
TYPE STATE HAZARDOUS CHARACTERISTIC(S)

AUTOMOTIVE

PAINTING and
WOODWORKING

GARDEN and
LAWN
SUPPLIES

HOUSEHOLD
CLEANING

PERSONAL
HEALTH

HOBBIES and
RECREATION

. .

1988 Ohio Uppartment of Nomura) ttesourvin
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HAZARDS AND WASTE
HAZARDOUS WASTE DISPOSAL ROUTES

WATERS
WELL

TRASH
CANS

AQUIFER

D1.73,11),:iTER

APARTMENT RLIII,DINt ;

TRASH INCINERSIN )11 STREET Gurint

SEWAGE
TREATMENT

PLANT

WATER PURIFI('ATI1 )1V
FACILITY

RIVER

.41.

Directions: Look at the diagram above to help you answer the questions below. An-
swer questions on a separate sheet of paper.

1. Name two places where waste materials, including household hazardous waste, are
often taken when you throw them away in your trash can or dumpster.

2. What can happen to the environment if wastes are not disposed of properly in these
two places? How can waste be disposed of properly in these two places so that pollu-
tion is contained?

3. Name two ways that the river in the diagram could become polluted by household
hazardous waste.

4. Many people get their drinking water from underground aquifers. Describe two ways
an aquifer could become polluted. What affect might this have on people living in the
house in the diagram?

5. Many people get their drinking water from rivers. Describe how polluted water could
get into the drinking water at the apartment.

19!" Oho, is pAt !null(
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WARNING LABELS 8HAZARDS AND WASTE

Directions: Make up a fictitious household hazardous waste product with a label.
Write information on the label space of the container based on directions given be-
side the container.

111111
1111111111111111111111111

generic name of product

uses of the product

warning-

how to dispose of the
product properly

19SA hi. 1)41.411;1H tit $4 1:41t11.A11{t,VUT e`.
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Waste Age Choices.1111
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THE WRAP UP CHAPTER 9

Objectives Students will be ab!e to:
(1) identify products and packaging used in the past
and products and packaging used in the present;
(2) explain why littering has increased in modern
times. Students will improve their ability to make
comparisons.

Method Students use a handout with pic-
tures to identify types of packaging used by early
Americans and packaging used by modern Ameri-
cans. They discuss reasons why we have more waste
and litter now than people did in the past. Students
draw pictures and write answers to questions about
litter problems.

Duration: four to five class periods

Setting: classroom

Subjects: Social Studies, Language Arts, Art

Curriculum Reference: 8.1

Preparation Identify and develop an
understanding of THEN and NOW Americans.
Share books and audiovisuals about early Ameri-
cans. Have chart paper available for each team.

Vocabulary litter, now, packaging,
then

Handouts Then and Now Packaging,
Picnic Past, Then and Now 71st

Procedures
1. Have each student complete the handout, Then

and Now Packaging, and go over it.

2. Arrange to have groups bring in items, pictures
or drawings on both THEN and NOW packag-
ing. DiSCUSS what they have brought in. (THEN
things used for packaging were often reuseable;
NOW things used for packaging are often
throw-sways.)

3. List the following items on the board: a. metal
plates (tin, pewter); b. metal knives and forks; c.
cloth napkins; d. water (or lemonade) bottles; e.
pottery crock of baked beans; f. wooden picnic
basket; g. unwrapped loaf of bread; h. cheese in
wax casing (or wrapped in cloth); i. blanket. Tell
students these are items which would have been
taken on a picnic 100 years ago. (You might
want to list other items in place of seine listed
here, but use only nine items). Have students
write this list in the spaces on the left hand side
of the handout, Picnic Past. Ask students what
would be taken on a picnic today and how the
items would differ from each item on the histori-
cal list. For example, paper or plastic instead of
metal plates, soda pop can y instead of water bot-
tles, can instead of crock of baked beans, table
instead of blanket for ground, cooler instead of
basket or in addition to it, paper napkins or pa-
per towels instead of cloth napkins. Have stu-
dents write the modern item in the spaces to the
right on the handout. Discuss with students the
two pictures at the bottom of the page. How are
they different (one on right has more litter and a
car instead of horse and buggy). Ask students
why modern picnickers use more items which
tend to be littered than did people in the past.
Rely on items listed above the pictures to aid
discuision.

4. Have students discuss why NOW waste and lit-
ter are snore of a problem than THEN waste and
litter. (THEN products represented small in-
vestments and with care could be reused indefi-
nitely. NOW items such as paper plates,
disposable diapers, etc. cannot be made sanitary

0126110hin Department ar Natural Easouraes. sourer E Jean Parky. Smith M ddk littuart(Wallahs, Ohl and Roadie Spencer, East Elsaisntary (PAK Livsrpnal, Ohl mad Marilee
Kim. Olive Hill Elementary ellatwoad, Oh)
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9 THE WRAP UP

again for reuse. We therefore have more waste
io dispose of today, which means more scarce
land is required to bury waste, unless we recycle
and use more recycable products.)

5. On the board create a chart. Have students
make sentences for the chart. You might write
in the subject or the predicate for various state-
ments and have them supply the missing sub-
ject or predicate. Example of chart:

SUBJECT PREDICATE

Litter

Amerif.ans today

makes the
environment ugly

use a lot of
packaging

Evaluation Give students the Then and
Now Test handout to complete and go over answers.
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THEN AND NOW PACKAGING
THE WRAP UP 9

Directions: Draw a circle around the type of packaging the THEN Americans used.

wicker basket

pottery crock

plastic wrap

'me

plastic pop bottle

animal skin

glass cookie jar

aluminum tray

wooden barrel

411
cloth bag Styrofoam container

I9$$ (Thito Dpartmvnt id Natural



9 THE WRAP UP
PICNIC PAST

a

b.

c.

d.

e.

f.

g.

h.

Directions: Write answers in the column to the right after the teacher gives you a list
of items to write in the left hand column.

ITEMS FOR A PICNIC
100 YEARS AGO

ITEMS USED INSTEAD AT
A PICNIC TODAY

26j
238
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THEN AND NOW TEST
THE WRAP UP9

1. Draw two pictures of packaging materials used by THEN Americans. Label each picture.

2. Draw two pictures of packaging materials used by NOW Americans. Label each picture.

3. Why is there more litter NOW than THEN?

4. How can we solve the NOW litter problems?

K INS Ohio Department of Natural iforoureva
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9TO BUY OR NOT TO BUY CHAPTER
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Objectives Students will be able to: (1
classify different types of packaging based on recy-
clability; (2) describe different reasons why products
arty packaged: (3) identify excess packaging that is
unnect, star v: 14) make choices based on a considera
tion of the environmental impact of actions. Stu-
dents will improve their ability to :. :ake nsunie
decisions.

Method Students observe and classify a
variety of packaging brought from home. They iden-
tify alternatives to consuming and producing unnec-
essary or wasteful packaging. They discuss and
write creative ideas for commercials that. may be
produced in class.

Duration: six to eight class periods

Setting: classroom, home

Subjects: Social Studies, Language Arts

Curriculum Roference: 6.1

Preparation For Step 2: nut shell. or-
ange peel, banana peel; city pot., paper grocery sack.
glass bottle; plastic bubble packaging from a toy,
plastic milk container and styrofoam packaging.

For Step 5: a toy without packaging, identical toy
with packaging.

For Evaluation Exercise: sock in a plastic bag, glass
bottle, cereal in a box with **made from recycled pa-
per" symbol on it, large can of pork and beans.

Vocabulary biodegradable, necessary,
packaging, recyclable, unnecessary

Handout Making Wise Decisions

Procedures
1. Give students pre-test handout, Making Wise

Decisions. Collect after they have completed it
to the best of their knowledge.

2. the students that there are three types of
packaging. Present them with examples of
three types of packaging:

a. a nut shell, an orange peel and a banana
peel as packaging in nature;

b. a clay pot, a paper grocery sack, and a glass
bottle as examples of reusable and recycla-
ble packaging (discuss the meaning of reuse
and recycling);

c. a plastic bubble used in packaging a toy,
plastic milk container and styrofoam pack-
ing pieces as examples of packaging that are
hard to recycle.

3. Announce that for the next week the students
will be saving types of packaging to bring to
school for further activities. Tell each student to
place an empty grocery bag in the kitchen. As
soon as Morn or Dad returns from the grocery
store or department store, the student should
help them unpack the goods and save the clean
packaging to bring to school.

. Divide the students into small groups of five or
six and have them classify the packaging they
brought to school into the three groups dis-
cussed in class. (i.e. packaging from nature;
museable or recyclable; hard to recycle.) Note
and discuss which group had the most packag-
ing. You may want to weigh each group's collec-
tion and compare.

5. Use the above activity as a springboard to dis-
cuss the following:

a. Much of the waste materials each household
191,s Min 1)vpartinprit rd Nat lira+ R, rnrcrr , :soccer tivriti Barr. SnitIr Franklin El,
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TO BUY OR NOT TO BUY

throws away is packaging. (Refer to the
packaging brought in by the students.)

b. This packaging represents energy and natu-
ral resources because energy and natural re-
sources are used to make the packaging.
Have students identify the type of natural
resources used to make the packaging (i.e.
paper from trees, plastic from petroleum,
glass from sand).

c. Some packaging is necessary for the purpose
of keeping things clean to protect our health
(e.g. sterile bandages), to preserve what is in-
side the package (e.g. food in sealed glass
jars), to tell you what the product is or how to
use it. (You could use examples from packag-
ing the students brought in.)

d. Point out that other types of packaging can
be unnecessary. Present a toy without the
packaging and an identical toy attractively
packaged inside a bubble of plastic on card-
board. Have them vote for the one they think
most people or children would choose to buy.
Ask students why toys are packaged as they
are, even though the packaging may be
unnecessary.

6. In order to be wise consumers of goods and in or-
der to save energy and natural resources, people
need to think about the packaging of goods be-
fore they buy them. Have students make a list
of recommendations. Compare with the follow-
ing suggestions after they have already brain-
stormed their own recommendations.

a. Don't buy things with unnecessary packag-
ing. Buy unpackaged items whe:,..ver possi-
ble. (Don't buy toys in plastic bubbles with
cardboard around them. Buy shirts on hang-
ers instead of in plastic wigs. Don't buy fruit
wrapped in plastic.)

b. Buy containers that can be refilled or recy-
cled. (Returnable glass pop bottles and
cans and only plastic items which can be
recycled.)

c. If products must be packaged, look for pack-
ages made from recycled materials. Look for
a recycling symbol on the product. (NOTE:
Many packaging materials and products are
made from recycled materials but do not in-
clude a recycling symbol.)

d. Buy a large package of a product instead of
many small packages. Then there will only
be one package to waste or recycle instead of
many small packages. Big packages of items
usually cost less, too,

e. If products are packaged, buy ones that have
a package that could be reused.

7. Have students develop TV or radio commer-
cials about unnecessary packaging and use of
recyclable packaging. These could be put on vi-
deotape if equipment is available. Have stu-
dents emphasize conservation values asso-
ciated with saving resources and scarce landfill
space. They could bring in magazines and
newspaper advertisements. Discuss the fact
and opinion approach to packaging and adver-
tising: packaging that is necessary based on
factual claims (i.e. freshness) and packaging
that is unnec :scary based on opinion (i.e. "ex-
eking" tag). Find a good example of each.
Write and share some original advertising
techniques which could be used to sell products
based on their recyclability.

Evaluation
1. Present the following goods to the students and

have them decide whether it would or would not
be a wise choice to buy the good. Have them tell
why or why not: sock in a plastic bagno, un-
necessary packaging, packaging difficult to re-
cycle and is not usually degradable; glass
bottleyes, refillable or can be recycled; cereal
in a box with the recycling symbol on ityes, it
was made from recycled paper, it can be recycled
again, it is biodegradable; very large can of pork
and beansyes, the large can is better than
many small cans, could be recycled or reused.
Remember, reasoning is more important than
"correct" answers, as there are often exceptions
to be considered. For example, several small
cans of beans may be more appropriate to buy
than one large can if few people are being
served at any one time. This is because leftover
beans from a larger can may spoil before they
could be eaten.

2. Have students again complete the test handout,
Making Wise Decisions.
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MAKING WISE DECISIONS 91X) BU 1' OR NOT 1r0 BUY

DRAW A LINE FROM THE DESCRIPTION TO THE PACKAGING IT
DESCRIBES

A. Packaging of nature

B. Can be reused or recycled

C. Hard to recycle

2. CIRCLE THE ITEM IN EACH OF THE TWO CHOICES THAT WOULD BE THE
BEST CHOICE FOR SAVING NATURAL RESOURCES AND ENERGY

1081 t)hiu Iklyeartnivra u NAilln:11 11f44411011
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INDUSTRY CHANGING WASTE CHAPTER 9

Objectives Students will be able to:
(1) compare changes in production processes that
have created changes in the generation of waste
by modern industries, (2) explain why stronger reg-
ulations and recycling have become important as-
pects of waste management. Students will improve
their ability to conduct research.

Method Students gather information from
resource texts and write a report answering specific
questions about the use of resources and wastes pro-
duced in the production of specific manufactured
goods.

Duration: several class periods for research

Setting: classroom, school library, home

Subjects: Social Studies, Language Arts

Curriculum Reference: 8.1

Preparation The teacher should make
sure that reference material is available to students,
including books and encyclopedias from the school
library.

Vocabulary energy, hazardous waste,
industry, manufacturing, resources, waste by-
nrorlit,:

Handout Resources( And Mode In The
Making Of A Bicycle

Procedures
1. Give each student or research group the hand-

out, Resources And Wreak In The Making Of A
Bicycle. As you discuss the terms on the hand-
out ask students questions that relate to re-
search questions they are asked to answer in
Step 2. (e.g. What do you think happened to the
waste by-products generated? Do the materials
come from renewable or nonrenewable re-
sources?)

2. Assign a report to be made by each student or by
groups of students on how the following c in-
cerns or a specific industry changed after the in-
dustrial revolution (compare before and after).

a. Type of energy used.

b. Type and amount of natural resources used.

c. Time needed to make the product.

d. Types of waste and waste by-products
produced.

e. Waste disposal and in what quantities.

f. Government controls for safety in disposing
of the waste generated.

REMEMBER: It was not until the post WWII
period that the regulation of waste disposal by
governments (local, state, federal) became wide-
spread. Therefore, answers to "e" and "f" may
not only include a comparison before and after
the industrial revolution, but also a description
of recent regulations and practices. Sample in-
dustries include:

Textile

Steel

Weapons

Transportation

Furniture

Farming

Publishing

Food

3. Plan a field trip to a local manufacturing plant
and emphasize that you want a tour guide to

elett8 Ohio Department of Natural Resources; BMW! Bruce Meryl!. Silver Lake Elementary (Cuyahoga Falls. Obi and John !Weinman. Prospect School (Oberlin. Mar



INDUSTRY CHANGING WASTE

pay particular attention to resources used and
waste generated in the making of the prod-
uct(s).

Evaluation Presentation of reports and
a written answer to the following questions: Why
have careful procedures and more government con-
trol become necessary for the disposal of waste mate-
rials in recent history? Why is recycling important
in industry today?
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Liquid Waste of Industry,
Nelson L. Nemerow, Addison-
Wesley Pub. Co., Menlo Park,

CA, 1971

Chromed & Plated Metal
Parts

Materials
Chrome, nickel,
copper, zinc.

Materials

Iron ore &
coal to make
steel.

270

By-Products &
Waste
(Highly toxic
liquid wastes)
Acids, chromium
zinc, copper, nickel,
tin, cyanides.

Handle bar grips, plastic seat
cover, paint, synthetic fibers,
synthetic rubber tires

Materials.
Petroleum &
petroleum
distillates.

By Products
&_, Wastes

Ammonia, tar, acids
(pickling liquor waste),
blast furnace flue dust.

Fenders & Other Metal Parts

By Products & Wastes
Large volumes of "Red Mud"
consisting of iron oxide, titanium
& silica.

Materials
Aluminum from bauxite.

Excri-ord frtm) A- Igly Wth Viivfr 1Warthinizitm Slaw

1

By_Products & Waste
Waste oil from leaks,
caustic & acid sludge.
alkaline & acid waters,
acid gases & filtering
clays.

Paints &

Materials
pigments
solvents
resins
cleaners

Drportnlynt of Ecoluo. Later t 'Jolt rol and Ittaytiong Pnwrarn. 19$4 J. p 121+

Wsiggs.
paints
sol ?nts
cleaners

ts
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TRASH IN HISTORY CHAPTER 9

INTT:RNIFIMITE

Objectives Students will be able to de,
scribe historical changes in the generation and dis-
posal of waste in their community. Students will
improve their abilities to collect data and organize
information.

Method Students gather historical data by
giving a survey interview form to an older adult in
their community. Students compare and contrast in-
formation from surveys with present day waste
problems. This information is used to write an his-
torical essay.

IDuration: several class periods during one
week

Setting: community and classroom

Subjects: Social Studies. Language Arts

Curriculum Reference: 8.1

Preparation writing materials, mate-
rial to make a large bulletin board chart

Vocabulary garbage, litter, packaging,
survey, trash

Handout Adult Interriew Form

Procedures
I. This activity requires a week-long period. On

Friday give each student, an Adult Interview
Form to be completed by the oldest adult rela-
tive in the family or a senior citizen in the
community.

2. The following week, as the interview forms are
brought back to school, compile the information
into a chart, one section for each question. You
might want to make copies of the completed in-
terview form and cut out answers gluing them
according to categories on the chart.

3. At the end of the week conduct a group discus-
sion of the items on the chart. Compare answers
to the way we handle our waste today. flow have
things changed? How have change: caused
problems for our environment?

4. Have students predict how the questions on the
chart, rephrased in present tense, might be an-
swered when they are grown, reflecting on what
must be done with solid waste in the future.

Evaluation Give students time to look
at all the information compiled from all the inter-
views and have them write an historical essay about
why the waste problem has increased over time.

1988 Ohio Drpartment al Natural KCSOUTVrt, NOIR* Kathy Jaffrv, FAA+. and Schaal It Oh Y.

272
249



9 TRASH IN HISTORY
ADULT INTERVIEW FORM

We are learning about how our actions and lifestyles affect our environment. Would
you help us by answering the following questions on this interview form. Please think
back to what things were like when you were grrrving up (between the ages of 10 to 20
years old) to answer the questions.

Your Name: What years are you remembering
to answer this survey?

1. WHAT TYPE OF ITEMS DID YOU THROW AWAY IN YOUR WEEKLY TRASH?
AND HOW MUCH WEEKLY TRASH DID YOUR FAMILY GENERATE?

2. WHAT HAPPENED TO TRASH AND GARBAGE? HOW WAS IT DISPOSED?

3. HAVE YOU NOTICED MORE OR LESS LITTER IN THE COMMUNITY SINCE YOU
WERE YOUNG? WHY?

4. WHEN YOU BOUGHT FOOD OR GENERAL ITEMS AT A STORE, TELL HOW
THESE WERE PACKAGED.

ITEM HOW WAS IT PACKAGED FOR SALE?

19110 Ohio Depouimont Rd Natural Reserrurrrt
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Chapter 10

Waste and Wasteful Habits
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COUNT DOWN TO LITTER CHAPTER 1 0

MIMMENSUMME
Objectives Students will be able to: (1)
describe litter as waste which is improperly con-
tained; (2) infer reasons why people litter even when
containers are nearby. Students improve their abili-
ties to observe and to graph data.

Method Students find a piece of litter in
their community and measure how far it is from the
nearest container. They make bar graphs to repre
sent their findings. They write reasons why people
litter, in spite of the proximity of containers. by mak-
ing bubble pictures.

Duration: four to five class periods

Setting: classroom, home and community

Subjects: Social Studies. Math. Language
Arts

Curriculum Reference: 7..,

Preparation Students should know
something about graphing and units of measure.
Needed are: paper grocery sacks. pencils and/or
crayons (dark magic marker and rope are optional):
comic strip cartoons

Vocabulary container, graph, litter,
measure

Handouts Litter information; Litter
Graph

Procedures
L Discuss litter. It is a waste material that is put

in the wrong place or has been allowed to escape
from a container. Then assign the students an
after school task of finding a piece of litter at a
neighborhood playground, church lot, ice cream
shop, grocery, restaurant or any place they
travel that evening. Give each student a paper
sack and have them bring the litter in the sack
to school the following day. Tell students the
item of litter could be as small as a cigarette
butt, but no larger than the sack.

2. At the same time you explain this procedure,
give each student a "Litter Information" slip
cut from the handout, Litter Information. Go
over the three questions that are to be answered
and brought to school with the littered item. In-
struct the students that as soon as they find
their piece o: litter, they are to locate the
nearest trash can and count out how many heel
to toe steps to that trash can (using their feet as
standard units of measure). They should convert
their measurements to a standard system (met-
ric or English) when continuing the assignment
in class. If there is no trash can in the area, they
should just state that. Instead of using their
feet, you may wish to have students make their
(-,wn measuring devices with a six foot long piece
of rope, marked off with a magic marker mark
every six inches or so. In similar fashion a met-
ric measure could be made.

:3. As the students Cer .ehool the teacher can
label the bag of lite udent's MOM'
and clip the inform.,

4. Pwpare to make graph .g informa-
tion from the' slips. Convert all forms of mea-
surement to metric or English measures.
Discuss how many students had to take 0-20
feet (or metric measure), 21-40 feet, over 41 feet,
or no steps because there was not a trash can in
sight. Record this information on the black-
board. The students can then take turns describ-
ing and displaying their piece of trash, telling
where they found it., and stating how many
steps to the nearest trash can.

5. Give each student the handout, Litter Graph, to
complete' by using information from the board.

Ohm iltimrt1111'411 Niitts: Resaotrues. ,Iout i t'stl, P.6111111. .14 b tf mtvr F v l,r .ttt1S.rlb
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10 COUNT DOWN TO LITTER

-.1111=100=mmw,

Instruct them to make a bar graph by counting
up the numbers on the left side that match the
figure for each category that, was put on the
board. Students should use a ruler and pencil to
darken over the horizontal line between the ver-
tical lines of each column and shade with pencil
or different colored crayons from the bottom of
the column up to the line.

6. Further discuss reasons for not depositing trash
when a container is nearby (e.g. don't care, not
important, don't feel responsibility for other's
actions, didn't realize personal litter can build
up and be harmful, etc.). Discuss reasons or atti-
tudes for not depositing trash when container is
far or nowhere around (e.g. inconvenient to
walk to trash can, bothersome to hold for a long
while, blew away and too much trouble to catch,
didn't realize that personal litter can build up,
etc.). Discuss how people find many reasons for
what they do, but that littering, no matter what
the attitude or reason of the litterer, is still not
accepting one's responsibility to put waste in its
place.

Evaluation Give students sheets of
comic strips. Have them cut out a character, glue it
close to the bottom of a sheet of paper, and give the
character a new litterbug related name, to be writ-
ten beside the character. Then have the student
place a conversation bubble over hisor her character
with a common excuse for littering when a trash can
is nearby. Have students choose another character,
name him /her and write in a bubble a common ex-
cuse for littering when a trash can is far away or
there is no trash can around.



LITTER INFORMATION
COUNT DOWN TO LITTER 10

1. What is the item of litter you found?

2. Where did you find your litter?

3. How many steps to the nearest trash can?

4. Convert "steps" to English or metric units.

1. What is the item of litter you found?

2. Where did you find your litter?

3. How many steps to the nearest trash can?

4. Convert "steps" to English or metric units.

1. What is the item of litter you found?

2. Where did you find your litter?

3. How many steps to the nearest trash can?

4. Convert "steps" to English or metric units.

1"$-)101311 Ohio Depart moot of Natural licomotto
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COUNT DOWN TO LITTER
LITTER GRAPH

20

19

18

17

if

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0 -20 21 - 40 over 40 no trash can
in the area

PUT AN X IN THE CORRECT SPACE TO ANSWER THE QUESTIONS BELOW AFTER
THE BAR GRAPH HA! BEEN COMPLETED.
1. For which distance .n a trash can was there the most litter?

0 - 20 21 - 40 over 40 no cans in area

2. For which distance the least?

0.20 21 - 40 over 40 no cans in area



INVASION OF THE POLLUTIANS CHAPTER 10

t'IiI NI.kitY

Objectives Students will be able to de-
scribe the effects of littering and particular situa-
tions that induce groups of people to litter or
generate waste. Students will improve their ability
to solve problems.

Method Students listen to a story and as-
sume the roles of two contrasting character types in
the story. They discuss and write about their feel-
ings as litterer and/or as someone who keeps others
from littering and who cleans up. They describe and
act out particular social situations that present
groups of people with an opportunity to litter. They
discuss ann implement solutions to classroom litter
problems.

Duration: four to five class periods

Setting: classroom

Subjects: Social Studies, Language Arts

Curriculum Reference: 7.1

Preparation Book --- The Wump World
- by Bill Peet (Houghton Mifflin Company, 1970);
writing materials

Vocabulary behavior, litter, pollution

Handout Grammar and Mechanics
R,Oview

Procedures
1. Res- aloud the book, The Wump World. (Wump

Ww Ad, inhabited by Wumps, was a beautiful,
unpolluted world until it was invaded by Pollu-
tians from Pollutus. The Pollutians drove the
Wumps underground and nearly destroyed
Wump World by polluting the air with smoke,
littering the land and polluting the water with
waste. When they left Wump World, there was
only one grassy meadow remaining. Slowly
Wump World recovered, but it would never be
the same.)

2. Discuss the book as a class: What are some
things the Pollutians did after they landed in
Wump World? What were the effects of the
things the Pollutions did? How do you think the
Wumps felt after their planet was polluted by
the Pollutians? In what ways are the actions of
the Pollutions similar to those of people on our
earth?

3. Have students complete the handout, Grammar
and Mechanics Review. Discuss answers and
statements.

4. Explain to the class that they will participate in
a simulation activity in which they assume the
roles of the Wumps and the Pollutians. Divide
the class into two groups. One-half of the room
will be the Pollutians. They will throw their lit-
ter on the floor of the classroom. The other half
of the room will be the Wumps. They will abide
by the litter law by throwing their litter into the
classroom waste baskets. At the end of three
days, have the students discuss what they ob-
served about the half of the class designated as
Pollutians and the half of the class designated
as Wumps: What did they notice about the Pol-
lutians' side of the room? The Wumps' side?
How were the two sides different? Considering
the Pollutions' side of the room, how did it make
students feel?

5. Have students identify group situations where
the people involved might be considered Pollu-
tions. Identify age or sex of group, place and ac-
tivity involved. (Example: young boys at theatre

'1988 Ohl!, Department rd Natural Hptsnirrrs: r Barr, North Franklin Elementary (Columbus, (MI
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10 INVASION OF THE POLLUTIANS

watching a movie; parents at home generating
garbage; teenage girls riding around town in an
automobile; senior citizens at a baseball game.)
Ask students to suggest what could be done to
keep people from littering in these situations.
Plays could be produced in groups with role(s) of
Wumps and Pollutians being acted out in regard
to these situations.

6. Have students suggest ways they could prevent
littering in their classroom. Each week imple-
ment a different suggestion. Have the students
observe and record, for each day of the week, the
effect their suggestion has on the amount of lit-
ter in the classroom. After implementing each
suggestion, have the students review their re-
corded observations to determine and discuss
which suggestions were most effective in pre-
venting littering.

Evaluation Have students answer the
following questions:

1. Name some people who litter.

2. Name something that happens to our environ-
ment because of littering.

3. List as many things as you can that people can
do to help stop littering.



INVASION OF THE POLLUTIANS
GRAMMAR AND MECHANICS REVIEW

Directions: Read the sentences. Put in correct capitalization and punctuation. Circle
the nouns. Put a box around the verbs.

1. the wumps lived in a beautiful unpolluted world

2. help wump world is being invaded by the pollutians

3. the pollutians threw litter everywhere polluted the air with smoke and put waste in

the water

4. the wumps moved underground to live

5. what caused the wumps to leave their world

6. the pollutians had almost destroyed wump world with all the pollution

7. there was only one grassy meadow left in wump world

8. the pollutians dr 7ieed to leave wump world because it was so polluted

9. the pollutians are gone yelled the wumps

10. all the wumps worked together to clean up the pollution

11. how did wump world look now

12. some of the beauty began to return to wump world but it would never be the same

(f31:011 Ohio Departnwnt of Natural Remlurnm
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SURVEY YOUR HABITS CHAPTER 10

IN 11.:IZ

Objectives Students will be able to: (1)
describe human habits, which improve their envi-
ronment and which degrade their environment; (2)
explain why people act in ways which improve er de-
grade their environment. Students will improve
their abilities to graph information from a survey
and to solve problems.

Method Students us a prepared survey to
gather information. They repress2nt data on a chart
and make a graph. Survey data is discussed and so-
lutions to undesirable environmental behaviors are
proposed.

Duration: four to six class periods

Setting: school, home (optional)

Subject: Social Studies

Curriculum Reference: 7.3

Preparation writing materials,. rulers,
two different colored pencils or crayons

Vocabulary degrade, desirable, graph,
habit, improve, personal environment, survey, unde-
sirable

Handouts Personal Environmental Ac-
lion Survey; Survey Graph; Explaining the Survey

Procedures
1. Begin a discussion with the question: "What is

your personal environment?" Students will
probably say their home, some may say it is ev-
erywhere they are at any given time. Have a
student look up the words in a dictionary and
share the definitions with the class. Try to ar-
rive at an operational definition: THE THINGS
THAT ARE IN YOUR IMMEDIATE SUR-
ROUNDINGS THAT AFFECT YOU.

2. Ask students to list all the things that make
their environment look good and that make
them healthy. Place some of the answers on the
board. Now ask students to list all the things
that make their environment look bad or that
might hurt them. Place some of these answers
on the board. Compare and discuss the two lists.

3. Discuss the word behavior and ask students
what type of behaviors improve their personal
environment. Identify these as desirable behav-
iors. Ask students what behaviors degrade their
environment. Identify these as undesirable be-
haviors. Pass out the handout, Personal Envi-
ronmental Action Survey, and discuss it. Have
the students complete the survey, being as hon-
est as possible. After they finish, discuss as a
class which behaviors on the survey would
improve the personal environments of the stu-
dents, and which might degrade their personal
environments.

4. Tally the yes and no answers in chart fashion on
the blackboard or chart paper. Have a student
volunteer collect answers by counting hands
and putting tally numbers on the chart.

5. Give students the handout, Survey Graph, and
have them complete it using the information re-
corded on the board or chart paper.

a. Have students observe that each horizontal
bar is divided into a yes space and a no space
running across the page.

19,414t/htt# Dtpar, fat ut tintund .urrr. ,Inhn K 144a-ship. Kati! Flperwritary si.artrar4c4.191,
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10 SURVEY YOUR HABITS

b. For each question, students are to find how
many yes answers there are and how many
no answers. They record these on the graph
by making horizontal color bars, filling in all
yes bars with one color and all no bars with
another color. (Or students could use differ-
ent pencil markings for yes and no answers.)

c. 'lb make color bars for each question stu-
dents can put their ruler vertically on the
chart and line it up with the number of yes
and no answers recorded for the question.
They make a vertical mark to indicate the
designated number. Then they color in the
bar over to that mark. Number 21 on the
chart has been done in this fashion using
"X's" and "O's".

6. Have students give the survey to other students
in the school that are nct in their class. Graph
and compare results. Or, have each student take
the survey home to give to an adult. Graph and
,ompare results in class.

Evaluation Give each student the hand-
out, Explaining the Survey, to work on.

r
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PERSONAL ENVIRONMENTAL ACTION SURVEY
SURVEY YOUR HABITS 1 0

Instructions: Place a check ( ) to indicate the behavior that best describes what you
do.

YES NO

1. I put paper scraps in my pocket when there is no tree .h can nearby
to throw them in.

2. When I see trash that someone else has thrown on the ground, I
usually leave it there because I didn't put it there.

3. I buy returnable soda bottles and return them to the store when I
need more.

4. I sometimes throw trash out of the car window when I travel.

5. I put all trash into the garbage including materials I could recy-
cle.

6. I have a cluttered room with no container for trash.

7. When I rake leaves in the fall, put. them into a trash can or trash
bag to be thrown away.

8. I throw away all food containers and paper bags after they are
used.

9. I throw all old, out of style clothing away in the trash and buy
M ore .

10. I sometimes throw trash on the ground.

H. I throw returnable bottles in the trash.

12. I separate recyclable materials such as aluminum and newspa-
per from other trash, and then I take them to a recycling center.

18S tthot Departml-nt of Nnf orni fivomarrs
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1 0 SURVEY YOUR HABITS
PERSONAL ENVIRONMENTAL ACTION SURVEY - Page 2

YES NO

13. When I put the trash out for pickup, I sometimes forget to close
the lid tightly.

14. I reuse paper bags and food containers.

15. I give my old clothes to someone who can use them, or I use them
as cleaning rags rather than throwing them away.

16. I pick up trash I find on the ground even though I did not put it
there.

17. I make sure there is a bag for litter in the family car when we
travel, and I empty it in the trash when we get home.

18. I sweep and clean my room and empty the trash from it daily.

19. When I put the trash out for pickup, I make sure that the lids are
tightly secured on the cans.

20. I have a compost pile where I put leaves for making better soil in
my garden or flower bed.

19S8 Ono at Natural Resources
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SURVEY GRAPH
SURVEY YOUR HABITS 1 0
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SURVEY YOUR HABITS
EXPLAINING THE SURVEY

Instructions: Now that you have completed the survey and tallied and
graphed the information, what have you learned? What can you change?
What problem can you confront and help solve? Choose one of the problem
questions below and answer it; your teacher may want you to answer more
than one of the questions.

1. Look at the graph. Choose the question, or one of the questions, that scored
the highest "yes" tally. Is it an environmental habit which would improve
your environment or one which would degrade it? Why was it answered
"yes" so many times? If it is a behavior which would degrade your environ-
ment, tell why it should be changed.

2. Look at the graph. Choose the question, or one of the questions, that scored
the highest "no" tally. Is it an environmental habit which would improve
your environment or one which would degrade it? Why was it answered "no"
so many times? If it is a behavior which would degrade your environment,
convince the class it should be changed.

3. Find five undesirable behaviors in the survey and give examples of each. Re-
port how your class scored in the five you chose. Mention one way you could
change each undesirable habit.

4. Find five desirable behaviors in the survey and give examples of each. Re-
port on how your class scored in the five you chose. Mention ways you could
convince others to acquire the same desirable habits.

ItC414 ()hit) 11,1),(t 11111,111 trf arms
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YOU HAVE INFLUENCE CHAPTER 1 0

Objectives Students will be ably to: (1 )
describe littering behaviors in a group situation; (2)
hypothesize ways to prevent litter ing. Students ins
prove their abilities to write creatively anti solve
problems.

Method Studentsents create elits based on des
ignated situations and roles within a group. They
observe and analyze littering behaviors in each skit.
They discuss norms, sanctions and techniques which
can reduce litter and they rewrite skits to include
these.

Duration: seven class periods

Setting: classroom

Subjects: Social Studies, Language' Arts

Curriculum Reference: 7.1

Preparation litter items needed as
props; furnishings that could serve as background
props for the five situations described in Step 1 (A-
E); writing materials

Vocabulary behavior. con-
tainment, formal sanction. informal sanction, lit-
tering, norm, technique

Handout LititTing and Anti-Littering
Behaviors

Procedures
1. Divide the class into groups. Each group is to

create a short play based on a situation and des-
ignated roles. You could use any or all of the sit-
uations sand designated roles described below in
A-E. instruct groups that in their situation they
are to present as many examples of littering ns
possible, They are to write out scripts fbr each
role to he played, with role players speaking to
each other, but no one is to say why they littered
in the script., and no one is to clean up the litter
in the script.

A SITUATION: A family at home for the
evening

ROLES: mother, father, aunt or uncle,
older brother or sister, younger
siblings

B SITUATION: A group of friends at a play-
ground

ROLES: leader of group who is oldest,
strongest. smartest; boys and
girls; park attendant who is an
older young adult

ts TATION: A group of high school
friends at a football game

HOLES: leader of group who is the most
popular, .imartest strongest; pop-
corn seller who is an adult; ticket
seller who is an adult; other
young adult boys and girls

D SITUATION: School office during school
day

ROLES: principal, assistant principal.
secretiny, nurse, janitor, student

F SITUATION: Beach during summer t ime'
ROLES: two mothers or two fathers. a

group of young friends, life
guard

3. After each group presents its skit, have the'
other students in the class complete the hand-
out, Littering and Anti-Littering Behaviors.
Discuss answers before the next group presents
its skit.
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10 YOU HAVE INFLUENCE

4. When all groups have finished, write the follow-
ing terms on the board and discuss.

Norms (Anti-littering norms shot' Id be rep-
resented in the answers to "B" and "C" in
the handout.)

Sanctions (punishment for littering; formal
and informal sanctions)

Containment techniques (opportunities
created by distribution of containers)

Awareness techniques (cues signs, etc.,
which prompt people to throw away litter)

5. Have the same groups develop another skit, this
time including as many examples as they can of
norms, sanctions and techniques to cause those
role players who littered in the first skit to pick
up their litter in the new skit.

Evaluation Have each student make a
list of five ways to reduce littering. Go over the lists
with students asking them to identify examples of
anti-littering norms, formal and informal sanctions
and containment and awareness techniques.



LITTERING AND ANTI-LITTERING
BEHAVIORS

YOU HAVE INFLUENCE 1 0

SITUATION:

A. Describe three ways people littered in the situation and give a reason why they littered in each case.

1

Reason:

2.

Reason:

3.

Reason:

B. Who in the group do you think has the most influence over the others in the group?

Role Description:
Why does this person have the most influence over others in the group? What could this person do to
influence others in the group not to litter?

C. Describe what another person in the group could have done to influence others in the group not to
litter.

Role Description: Waat could this person have done?

HISS Oh , hInftt tnetat Vi Ur1.11
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MERITORIOUS BEHAVIOR CHAPTER 0

Objectives Students will be able to: (1)
classify waste materials for purposes of reuse and re-
cycling; (2) explain the importance of rewarding posi-
tive behaviors associated with litter prevention and
recycling. Students will improve their ability to
solve problems.

Method Students r.re presented with four
ways to conserve waste materials in the classroom,
school and community. They initiate action to earn a
merit badge for cleaning up litter, and/or for recy-
cling and/or for saving items to be reused. They ex-
plain their observations in writing.

Duration: a continuous activity which could
last several months

Setting: classroom, school, community

Subject: Social Studies

Curriculum Reference: 7.3

Preparation. The teacher should al-
ready have introduced lessons and information
about items that can be recycled. The teacher must
eventually obtain the support of parents and com-
munity members so that students can earn merit

badges. Needed are: large garbage bags, four pieces
of chart paper, four coffee cans, a large box, a deco-
rated trash ran, boxes for recycling.

Vocabulary cleanup, litter, positive be-
havior, recycling, reuse, reward

Handouts flow Tb Earn A Merit Badge;
Merit Badges

Procedures
I. Have a student collect all clean litter from the

classroom floor for one week and place it into a
large garbage bag. Prepare four charts with the
following headings:

reusable art projects recyclable trash

Empty tne collected trash onto a large table or
area and place the charts in the front of the
room. Have students examine the classroom lit-
ter and decide what items are recyclable (news-
paper, etc.), reuseable (crayons, pencils, paper
clips, etc.), able to be used in creative art pro-
jects (construction paper, etc.), or must be
thrown away. Discuss which type of litter there
is most of in the classroom and why.

2. Prepare places for the future collection of waste
items so that they can be taken to a place in the
classroom related to one of the categories above.

a. For reusables label coffee cans for various
items pencils, crayons, paper clips, thumb
tacks and put these in one place.

b. For art projects have a large box.

c. For recyclables keep paper grocery sacks to
collect newspapers, a tall box labeled "alu-
minum cans," and another box labeled
"glass." You may also want to collect steel
cans and plastic pop bottles if there is a col-
lection place for these in your community.

d. For trash decorate the garbage cans in your
room.

3. Students can use grocery sacks or garbage bags
to collect litter from the playground, lunchroom,
bathroom and halls. Help students class::y
trash according to the four categories. They can
then place trash in the proper places. Hold a dis-
cussion about differences between classroom lit-
ter and litter on the school grounds.

1988 (Attu MI:Purism. it a Natural filourte., Alarm Carla l'auhn. Jt: Sommtv Yltuntat Itirm
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10 MERITORIOUS BEHAVIOR

4. Discuss ways to motivate people to clean up and
to recycle including the use of monetary re-
wards or voluntary efforts. Explain how the
class can initiate a program to motivate stu-
dents to clean up and recycle. This program can
be explained by going over the requirements in-
dicated on the handout, Haw Ti, Earn A Merit
Badge. Family members and community mem.
hers will need to assist students in their efforts.
Discuss recycling with students and have them
decide what weight amounts to put in the
blanks on the "testimony" forms. Merit badges
for students can be cut out when they earn
them. See the handout, Merit Badges. You could
also have a few students make up a "Board of
Review" to cut out a supply of badges ahead of
time and distribute them based on review of tes-
timony slips brought in by students. Ribbons on
badges could be colored in and different colors
for the same badge could be used to designate
the extra efforts of students who accumulate,
for example, five regular badges).

5. Cut up and keep a supply of testimony slips on
hand from the handout. How Th Earn A Merit
Badge.

6. This activity can be an ongoing project through-
out the year. You may even offer that your class
conduct the merit badge project on a school-wide
basis for all students.

Evaluation Have students write an es-
say about why they think the Merit Badge Program
has motivated more students to keep the school
clean and to recycle. Have them offer suggestions for
improving the program.

9:)
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MERITORIOUS BEHAVIOR
BOW TO EARN A MERIT BADGE

Litter Picker.Upper Badge Ibstimony
A. Find a place that is littered in your neighborhood or community.
B. Using a trash bag clean up the area.

Answer the following:

1. Where did you clean up?

2. Name some things that you found:

Have parent or neighbor observe and sign below:

signature

Newspaper Recycler Badge 11stimony

1. Student must find the closest recycling center which accepts newspaper.

Where is it located?
address

2. Student must collect from home and/or neighbors, at least lbs. of newspaper to recycle. (amount

determined by the class)

OR
parent's signature recycling center operator's signature

Aluminum Recycler Badge Tbstimony

1. Student must find the closest recycling center which accepts aluminum.

Where is it located?
address

2. Student must collect from home and/or neighbors, at least lbs.

of aluminum to recycle. (amount determined by the class)

OR
parent's signature

-11.1.,M111.1Fmgm!11.11111

recycling center operator's signature

t° .1988 Ohm Department of Natural fteauturra

2
273

293



1 MERITORIOUS BEHAVIOR0
HOW TO EARN A MERIT BADGE

Glass Recycler Badge Testimony

1. Student must find the closest recycling center which accepts glass.

Where is it located?
address

2. Student must collect from home and/or neighbors, at least lbs.

of glass to recycle (amount determined by the class)

OR
recycling operator's signatureparent's signature

Creative Litter Project Maker Badge

1. Student must create an art project using waste material.

2. A description of my project:

3. The litter I have used is

teacher's signature

Things in Place Badge

1. 1 have collected waste items that could be reused which I have
(amount determined by class)

found in the classroom or school.

2. The litter and waste materials I have found are listed on a separate sheet of paper according to the contain-

ers I put them in: for reusables, for art projects for recyclables, for trash.

teacher's signature

19h* Ohm Depsnmint of Not urea R
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MERIT BADGES
MERITORIOUS BEHAVIOR 1 0
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Chapter 11

Getting Out the Message
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THE LITTER ALERT CHAPTER 1 1

Objectives Students will be able to: (1)
identify litter and waste as entnmunity problems; (2)
develop messages to make the public aware of these
problems. Students will improve their abilities to
write cre atively. to solve problems and to marepidate
materials.

Method Students solicit schoolwide rt.-
sponses to waste problems and broadcast these in a
"Hallway Television" setup. "Litter critters" are
made and discussed as part of the television mes-
sage. The students write and act out television
broitdcasts (to by reeird(4.1 on videotape if equipment
is availably).

Duration: a couple of class periods a week, for
several weeks

Setting: clas:,romn, sebool

Subjects: Social Studies, Art, Language Arts

Curriculum Reference: 5.1, 7.3, 8.2

Preparation large roll of white paper
for people-size cut-outs, large roll of colored impel as
background (such as light blue), markers, construc-
tion paper, glue. masking tape, a sugge.::tion

box. articles of litter leans, bottles, paper and fast-
food packaging). art supplies for litter (Titter urea-
I ions, a videotape recorder if available

Vocabulary litter. news broadcast. pub'
He service announcements, waste crisis

Procedures
1. Prepare a large' (8' 10'4 paper backeTnund.

frame it as a TV screen with con:Arnett° 'IF Aper,
and mount it on a wall along a well traveled
hallway in your building. Make a life-size cut-
out of two students to boy and a girl) sitting at a
in desk. This is to he mounted on the TV
screen, but. in such at way that it can be removed
and put hack again.

2. Prepare the TV screen to look like a newsroom,
with the figures delivering the news via
balloon-type cartoon captions. The newscasters
are reporting to the community about. the
dreaded litter invasion. This display can be left
up for about a week to create interest througt-
out the school. In t e meantime the class can he
preparing litter critters to appear on next week's
TICWS flash.

00
VOL

.*
3. Have each child bring in a piece of litter to he

decorated as a critter by adding legs, wings, an-
t etc.

4. After a few days or a week, change the TV
SerVt'll and ha...e an on location reporter (lifesize
cut .out), reporting the tragic in.usion of litter
critters while surrounded by the litter critters
each student made, A request for suggestions as
to how to alleviate the problem can

WSP4 I /hilt 1)41M/I a14.11, Iti 'l'.ttural k4 .1419, r. ...tilt 41. Stir! NI Aii11101 'hat It-, r `wilw.: Eiviltrilim% itt.ti
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1 1 THE LITTER ALERT

be made, with answers to be delivered on up-
coming newscasts. Put a station suggestion box
in front of the TV screen Students making good
suggestions can have their answers presented
in the cartoon format by the station news an-
chors which can be returned to the screen. Each
answer can be left up for a couple of days or so
depending on the number of responses. Ideas ac-
tually implemented can be presented with a
follow-up report in future newscasts. NOTE:
This same exercise could be used to address the
issue of a waste crisis, including problems of
scarce landspace :lid pollution. Students could
present news broadcasts (in bubbles) about the
crisis and about the potential of recycling as one
way to reduce waste. In this case a suggestion
box aoout ways to motivate people to recycle or
to conserve materials to prevent waste could be
put in front of the TV screen.

5. In class hay., students write dialogues for the
news anchors based on stories about their litter
critters. Students should name the critter, tell
where it rune from or how it was created and
tell what is going to happen to it.

6. Students can also work in groups to create litter
alert messages. They are to identify a problem,
write and edit their message, then videotape the
completed project. Some groups could create
public service announcements to be included as
advertising spots between the news broadcasts.
The advertisements could be of many types;
some possible suggestions are: a. highlight a
city which disposes of its waste efficiently and
which has reduced landfill space requirements
by initiating a community recycling program; b.
an advertisement for a new type of recycling
machine; c, an ad about children who don't lit-
ter and what happens to the environment when
people do litter.

Evaluation Following completion of the
activity, tell students that for the next month they
are to find and record as many examples as they can
of "media messages" about waste problems. These
can include television news broadcasts, signs and
billboards, newspaper articles, commercials, etc.
about litter, recycling and waste management.

9 S'
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SIGNS AND SLOGANS CHAPTER 1

11111=1111111111111E11111111111.1

Objectives Students will be able to iden-
tify and ci eate logos and slogans as public service
announcements about litter prevention, waste man-
agement and ;ecycling. Students wil: improve their
abilities to write and draw meativf

Method Students are introduced, through
class discussion and a handout, to the varieties of
public service announcements which utilize slogans
and logos. With the use of other handouts in special
formats, students design their own logos and slogans
for T-shirts, billboards and bumper stickers.

Duration: four to five class periods

Setting; classroom

Subjects: Social Studies, Language Arts, Art

Curriculum Reference: 7.4

SPECIAL NOTE: This activity coordinates very
well with the implementation of a clesnup or recy-
cling drive and with Ohio Recycle Month and Clean
Up Ohio Week.

Preparation writing materials, rulers,
crayons and colored pencik, posterboard, poster
paint optional

Vocabulary litter, logo, public service
announcement., recycling, sign, slogan. waste man-
agement,

Handouts logos Won S'omything:
Shirt Message: Bumper Sticker Message; Billboard
Message

Procedures
1. Ask the class what a public service announce-

ment is. Discuss examples from radio and televi-
sion spots and draw attention to slogans and/or
logos used in these. Write some slogans and
logos on the board.

2. Ask students about other methods of making
public service announcements using written
messages, slogans and logos. Draw students at-
tention to the covers of this guidebook, identify
the message and logo on the binder. Discuss,
Have students think of ways to make messages
about various issues of contemporary impor-
tance that may include the use of bumper stick-
ers, billboards and T-shirts.

3. Give each student the handout, Lagos Mean
mething, to complete. Discuss and have stu-

dents exp;ain the meaning of the logos they
created.

4. You may now use the remaining three handouts,
Billboard Message, T-Shirt Message and
Bumper Sticker Message, in any way you wish.
The folkneing are some suggestions:

a. Discuss with students different issues asso-
ciated with litter (creates health problems, is
against the law, is unsightly causing a
blight on the landscape and urban-areas); re-

(different products can be recycled,
energy and resources can be saved by recy-
cling); waste management (we are running
out of landfill space; the job of garbage col-
lectors is necessary and important).

b. the class they are to take part in a slo-
gan :ontest (which can also include pictures
and logos). Plan to give prizes fer each cate-
gory represented by the handouts in this ac-

'''3914$ Ohio Department of Natural Ramourera. mauve Elaine Struck, Donnetavtlle Elementary illenarlavdle, tTtu and David l Arun 14, in YR
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1I SIGNS AND SLOGANS

tivity. Or, instead of using the handouts, you
could have a poster contest and supply
poster board and other materials.

c. Remind the class that the slogan must be
about litter prevention, waste management
and/or recycling. (If you have chosen this ac-
tivity to coincide with Ohio Recycle Month or
Clean Up Ohio Week, then you will want to
restrict the theme accordingly.)

d. After projects are finished, arrange for a
panel of judges (other students in the school,
other teachers, parents, etc.) to decide on the
best three projects in each category.

e. You can gain some publicity by posting the
best projects in businesses and public offices
in t!e community, or by getting your local
community to sponsor the production of T-
shirts, bumper stickers or even billboards
with the designs of the winning projects.

Evaluation Have each student write an
essay answering the following question: Why are
signs with logos and slogans on them important?



LOGOS MEAN SOMETHING
SIGNS AND SLOGANS 1 1

Directions: Answer each of the questions below.

1. What do the words "litter prevention" mean? (Describe in your own words.)

2. What is recycling? (Describe in your own words.)

A C D

3. Look at the four logos above. Which two do you think symbolize litter prevention?
Answer by circling the letters below that correspond with the letters of the logos
above which you think symbolize litter prevention.

A

4. Which two logos do you think symbolize recycling? Answer by circling two letters
again.

A B

5. Discuss the ansuers above with your teacher. Then make your own logo on either
the back of this page or on a separate sheet ofpaper. Make it about litter prevention
or recycling or both, but it m ist be one design only.

ISM Ohio Department of Natural fiv«ourcet.
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SIGNS AND SLOGANS
T-SH1RT MESSAGE
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BUMPER STICKER MESSAGE
SIGNS AND SLOGANS 1 I.
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SIGNS AND SLOGANS
BILLBOARD MESSAGE
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RECYCLING DRAMAS CHAPTER 11

I IT.011-'.1)1. IT.

Objectives Students will be able to: (1)
describe how recycling saves resources. Students
will improve their abilities to listen and gather in fray
motion and to communicate a message.

Method Students listen to a story and dis-
cuss concepts related to recycling and the conserva-
tion of resources. They complete a handout
requiring them to identify the meaning of words in a
specific context. These words are about recycling
and conservation. Students apply research and com-
munication skills in the creation of dramas. They CO
operate in groups to create play,-, to be presented to
other classes in the school.

Duration: three class periods and time to
produce a play

Setting: classroom, school

Subjects: Social Studies, Language Arts

Curriculum Reference: 2.2, 7.3

Preparation The Lorax by Dr. Suess;
paper and pencil, may need materials to make props
for plays; video tape equipment if available

4=11 1111MIN=MMI10

Vocabulary litter, recycling, resources

Handout %nix to Know

Procedures
I. Read to students The Lorax. Discuss the once re-

newable but then depleted resource in the story
and how it can be renewed. Discuss how we can
recycle paper, glass and aluminum as a way of
conserving natural resources. Also, discuss the
creative way Dr Suess delivered his message in
The Lorax. This will help enhance the students'
own creativity later.

2. Lead a discussion about nonrenewable re-
sources. When they are gone, they are gone for
good. Examples of these are iron ore (used to
make steel), petroleum (used to make plastics,
synthetic fibers and synthetic rubber) and baux-
ite from which aluminum is extracted. Ask stu-
dents how we can conserve these resources. For
example, by recycling aluminum we can cut
down on the need for bauxite and also protect
the earth from being excavated. And when we
recycle, there are fewer items to be sent to land-
fills. If we recycle and reuse, we have fewer ma-
terials to throw away.

3. In order to intcluce students to important con-
cepts of this lesson, have each student complete
the handout, Words to Know.

4. Give the following assignment to students:
They are to convince people of the importance of
recycling. They are to do this in groups through
writing and producing plays. Students will need
to convince their audience that recycling can
save natural resources and help protect the
earth. Discuss and/or engage students in the fol-
lowing exercises as ways to give *hem ideas for
the content of their plays:

a. Taking recyclable objects from a trash can,
have students write a pictorial life history of
these different kinds of useful trash. What
natural resources were vsed in the making
of the different items? Ecudents could do a
little research to discover what natural re-
sources can be conserved by recycling.

b. If available, find out th price for newspa-
pers and aluminum cans from your local re-
cycling center. Make up math problems to
show students how a school can make money

19tS (Roo lle.p4.,trnent of %attired Rusourt.,,, Noort 4. linorl:i .1 t;e./m. Sonmm Elenovntary otitorlittlot Krilt loon. t oh 1
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RECYCLING DRAMAS

by recycling. Example: On recycling day our
school took in 2050 pounds of newspapers
and 450 pounds of aluminum cans. If we
were paid 104 per pound for newspapers and
22e per pound for aluminum cans, how much
did we earn?

c. Make a list of items you might find in a land.
fill. Place them on a chart according to Recy-
clable, Reusable and No Apparent Use.
Discuss with the students how recycling can
help conserve land space.

5. Rave students choose groups to produce plays.
Remind them how creative Dr. Suess was in The

1111INW

Lorax. Their plays can be serious, humorous. or
make-believe, but they must get their message
across. They need to be convincing. You may
wish to have students produce puppet dramas
described in the activity, PUPPET DRAMAS,
which follows this one.

6. Present plays to different classes in the school.
This is a good way to promote a school recycling
program. As an option, the production of a vid-
eotape of the plays will generate much interest.

Evaluation Play productions

30G
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REV 111.71 ANC DRAMAS
WORDS TO KNOW

Directions: Use the following vocabulary words to fill in the' blanks of the' paragraph. Study the &in]
t ions before' completing the' paragraph. Use the context to help you.

Natural: .mything in our world not made by people or machines.

Nonrenewable: incapable Of being replaced except through a lung process of thousands of years,

Renciculde: having the capacity of being regenerated or made new or fesh again: being able' to ht. restored to
wiginal state or condition.

Resources): something that can lit' used to make something else' wood into paper, iron ore into steel, baux-
ite into aluminum, sand into glass.

Recycling/Het-y/11h to pass through a series of chatif,res in the process of creating a new or difteront product
from existing materials; reuse of natural resources and human-made products.

Omserration: helping to preserve. not waste, the Earth's resources.

Land spars : place's in communities or natural areas that do not have buildings or roads.

lhda we took a field trip to a ntor wiwre people Nike their glass.

newspaper and aluminum an: te, he . lieryuling, %%.:i% we can

pr, by rousing. the' Earths 1'4'f-4)11).11'S.

Ts% o that c loatull about ar bilmito and t row:. is a

rosour containing aluminum. (nice it has boon In41 tip it can not he'

restored. By rec)-ling aluminum ve will not use as much ha IIN V. iliq'y e 1St; litSpaptqS ht'ipS on-

serve trees which are resitros. 't'rot's can he planted to roidaco the ones

that are cut down. but it takes many years for them to grow. We also learrid that rocycl ng helps

save' . By earning numoy from newspapers and aluminum cans, pen-
4

pit' may save them to reeve, instead of throwing t hem away. Most id what we t brow ;may is buried

in landfills.
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PUPPET DRAMAS CHAPTER 1 1

Objectives Students will be able to ex-
plain the importance of litter prevention, recycling
and waste management. Students will improve their
abilities to manipulate materials, write creatively
and cooperate in groups.

Method Students divide into committees to
create plays with scenery and puppets. Plays are
performed and evaluated.

Duration: several periods during each of two
weeks

Setting: classroom, school, community

Subjects: Language Arts, Arts and Crafts

Curriculum Reference: 7.3

Preparation old socks, balloons, news-
papers, flour, water, large bowl, mixing stick, sewing
needle and thread, coloring utensils (e.g. magic
markers), posterboard, masking tape, thumb tacks,
small cardtable, portable blackboard; videotape
equipment if available

Vocabulary drama. litter, recycling,
waste management

Handout Making Puppets

Procedures
SESSION I

I. Create committees; A. script writing committee;
B conery design committee; C. puppet making
committee

2. Before separating into committees, have groups
decide the following:

setting of puppet show (e.g. on a lake front);
suggest possible themes about littering, re-
cycling or disposal problems with setting be-
ing a recycling center or landfill

how many characters and a brief description
of each (e.g., father-30 years old, grouchy;
son-10 years old, likes to litter; daughter-12
years never litters)

brief plot outline (e.g. father and children on
beach, father sees son littering... )

Place this information on a blackboard or on
posterboard so that all students can refer to it
while in their committees.

3. Separate into three groups with each group per-
forming a different task or have three or more
groups each making their own play and desig-
nate divisions of labor.

Script Committee: students need to take plot al-
ready decided upon and break it into three or
four scenes (Scene 1: Father catches son lit-
tering. Scene 2: Daughter gets cut on a piece of
son's littered glass. And so on.). After three or
four sceaes have been created, committee
should create a dialogue for each scene.

Scenery Committee: This group tapes two pieces
of posterboard together and creates a backdrop
for the show. If the group decided the setting isa
lake front, then the students will create a draw-
ing on one sheet of posterboard to reflect that.
Also, students need to take another piece of pos-
terboard and create a front for their cardtable
stage. They can name their group on this poster-
board (e.g. Mrs. Gray's third grade class).
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PUPPET DRAMAS

Puppet Committee: This group creates the pup-
pets. Go over the handout, Making Puppets,
with this group and have them follow directions
to completr, their puppets based on characters
created by the Script Committee. In this first
session, this committee is to follow directions up
to Step 6. Then instruct them to bring in an old
sock for each balloon head.

SESSION H
(One Week Later)

4. Divide into groups again. 1. Have script com-
mittee finalize script (two or three hand writ-
ten pages). 2. Have scenery committee finish
the backdrop and front piece for your card-
table. 3. Have Kippet committee complete
Steps 7, 8 and 9.

5. After all three committees are finished, have
students choose, from atom, volunteers, who
will be puppeteers. They should then rehearse
and give a classroom presentation. Puppet show
may be videotaped or performed for other
classes.

Evaluation Have each student identify
the messages and theme of the play and then ex-
plain verbally or in writing the importance of the
-message(s)" in the play.



MAKING PUPPETS
PUPPET DRAMAS 1 1

STEP 1: Blow up balloons for STEP 7. Paint, or tvlor puppet head.
puppet hea.i.

STEP 2. Create glue mixture 1/2 flour, 1/2 water,
mix we i.

STEP 3. 'ear newspaper into 1" or 2" pieces.

STEP 4. Dip paper pieces
in glue, cover balloon with
four layers; leave small cir-
cle on bottom.

STEP 5. Create rpecial character traits, includ-
ing hair; use rolled up strips of newspaper to ere-
ate traits, and dip in glue mixture.

STEP 6. Let dry two days,
then adult should puncture
balloons, leaving shell.

0 STEP 8. Cut off tip of old sock.

STEP 9. Either

,lieu' Or Mipie

top of sock to puppet head.

I Slip

t1988 Okla Department et Natural Resumes.
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Reuse Enterprises
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TRASH TO TREASURE SALE CHAPTER 12

Objectives Students will be able to: ( 11
classify everday items that can be reused. recoil
structed or recycled; (2) describe the quality and
value of items that can he reused. Students will im-
prove their abilities to cooperate with others and to
suggest alternatirws.

Method Students cut out objects to make a
chart of reusable items. of recyclabl items and of ob-
jects which must be reconstructed to be reused. Stu-
dents bring in reusable items from nome and market
these items by describing their qualities, possible
uses and resale value. Students conduct a mock sale
or auction of the reusable items.

Duration: four to five class periods and a flex-
ible amount of time for "Market
Days"

Setting: classroom, home

Subjects: Social Studies, Language Arts, Arts
& Crafts

Curriculum Reference: 6.3

Preparation Students bring in any
items from home that they no longer use. These

items can either he reusable as they are or objects
which can he reconstructed to make something else.
(Items must be clean e.g. clothes, toys, books, etc.)
Materials to make posters and play money.

Vocabulary advertise. auction, de-
mand. market, price, quality, reconstruct. recy0a-
hie, reusable, sale

Handouts Reusable Materials and Oh-
Ache; Clamilking Reunite Objects

Procedures
1. Give each student the handout, Reusable Mate-

rials and Objects, noting three possible distinc-
t ions to be made for the items: t . some can he
reused as they are because, although old, they
are still functional; b. some are NO old and tat-
tered or broken apart that. they require creative
reconstruction for the material to be reused; c.
some are recyclable, meaning that they can be
taken to a recycling center and used in remanu-
facturing processes to make the same or similar
products. The recyclable items on the handout
are as follow: battery, aluminum can, glass jar,
used motor oil, plastic bottle and newspapers.
The rest of the items are in pairs, with one ob-
ject in good used condition while the other is tat-
tered or broken. Before they begin, give
students examples of the three distinctions us-
ing items not. listed on the handout. (e.g. good
used sock. tattered sock, steel can) Note that
some clothing is accepted by recyclers who cut
up tattered materials into useful rags for indus-
try and/or ship old useful clothing to other coun-
t.ries.

2. Make sure students understand what each
item is. Then give each student the handout,
Classifying Reusable Objects, to complete by
cutting out objects on the handout, Reusable
Materials and Objects. Discuss answers after
completion.

'rell the class that they are going to participate in
a Trash to Treasure Day sale. lb do this they
need to begin bringing in specific items as men-
tioned in the Preparation. Have each student
bring in at least two items: one representing
reusability as is and another needing to be recon-
structed to be reused.

4. WI students they can advertise the usefulness
and other values of their objects by making post-

19e48 ()hur 11tvertIll4-ftt Natutol Ks-,.nIttrn, waiter. Karol) %Vv../ I it !It'll, .411.bnli). if ..t1;t,itiet... .Beni 11/3t )41
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12 TRASH T43 TREASURE SALE

era about the qualities. lb aid in doing this,
write a list of objects (not brought in by students)
on the board and have students list adjective de-
scriptions for each item that would make it
sound appealing to buy (e.g. jacket "warm," "at-
tractive," "colorful"). Have them think of psycho-
logical values for the objects as well (e.g.
make you popular with the gangs' "will make
your room cheerful"). If the item which students
are trying to advertise must be reconstructed to
make something useful, students need to men-
tion this in their advertisements. (e.g. "make a
patchwork quilt from old clothing pieces," "mak-
ing -ags from old clothing pieces," "use parts of
toys. as. . ")

5. When selling is over and the activity is finished,
you may want to have students make a found ob-
ject cellage or sculpture using the reusable items
which need to he reconstructed to be used.

6. Conduct sale where children can sell their old
trash and buy a new treasure.

a. Make paper I" oney. (Use markers to make
money and stamp with one of your teacher
grading stamps to prevent counterfeit
money.)

b. You may want to have students earn the play
money ahead of time by bringing in recycla-
ble cans (5it a can), or completing assign-
ments (1134t a paper), or establishing good
behavior (25¢ a day). (This exercise is good
with a Behavior Modification System.)

c. Decide if the sale will be conducted in an auc-
tion or a market format. I; initiating a mar-
ket sale, teacher should discuss pricing with
students. One way to do this would be to have
students display their posters (which adver-
tise the items) with sign up sheets. Students
who want an item write how much they will
pay for it. After considering the demand and
prices which students are willing to pay, the
seller may set a price. Remember to tell stu-
dents that as buyers, they can buy as many
items as they want or need with the money
each has. Finally, open the market for sale
day(s). Have students draw numbers to see
who gets to buy one object first, secraid, third,
etc. 'MI sellers and buyers they can change
prices at any time to meet demand.

d. If you decide on an auction format, you will
want to ask for student volunteers to be auc-
tioneers.

Evaluation Hold a competiton to see who
can design the most creative and/or most useful reuse
for objects which must be reconstructed to be reused.
Students can vote for the winners.



TRASH TO TREASURE SALE
REUSEABLE MATERIALS AND OBJECTS

Directions: Cut out each illustration below along the dotted. lines. Look at each illustra-
tion carefully and put, it in the correct column on the handout, Classifying Reusable Ob-
jects.
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3

Direction: Classify the objects on the handout, Reusable Materials and Objects, by putting them into the catego-
ries below.

OBJECTS REUSABLE AS THEY ARE OBJECIS THAT MUST BE RECONSTRUCTED
INTO SOMETHING ELSE ID BE REUSED

RECYCLABLE OBJECTS

3.16



RECYCLEVILLE, USA. CHAPTER 12

IMINNEMEMIUMEMIII
Objectives Students will be able to: t1)
identify possible reuses for discarded materials; (2)
describe the requirements and procedures involved
in the production and sale of a product. Students im-
prove their abilities to calculate figures and to coop-
crate with others.

Method Students organize themselves into
company groups to create usable items from dis-
carded materials brought into class. They plan the
production and sale of various reuseable items in
model production lines and model stores set up in
the classroom. They solve math problems related to
starting a business.

Duration: many class periods over several
weeks time

Setting: classroom

Subjects: Social Studies, Language Arts, Arts
& Crafts

Curriculum Reference: 6.2, 6.3

SPECIAL NOTE: This activity can be modified in
many ways. It can be made simpler for younger
ages, and the possibilities for expanding exercises to
include additional economic concepts are limitless.

Included in this activity are instructions for reusing
various materials; therefore, an activity related only
to the reuse of waste materials can be initiated us-
ing this information (with emphasis on saving land-
fill space and resources).

Preparation The students should be
aware of the differences between goods and services
and between producers of goods, providers a serv-
ices and consumers of goods and services. T: le stu-
dents should be able to count money and make
change. For Steps #1 and #2 below you will need to
collect appropriate materials listed under the direc-
tions for making various goods in Recycleville class-
room factories. (See Reuse Instructions (A41)

Vocabulary advertising, capital, goods,
labor cost, market, overhead cost, profit, production,
rent, reuse, selling price, services

Handouts Production Planning: Reuse
Instructions (A-I)

Procedures
I. Hold a discussion to make the students aware of

the great number of discarded items which can
be reused to create new things. Provide exam-
ples of items which can be reused; discuss and
demonstrate how they can be reused by making
creative constructions out of empty dishwash-
ing liquid bottles, gallon milk cartons and com-
puter cards. (See Reuse Instructions (A))

2. Discuss the following economic terms: goods,
services, production, overhead cost and selling
price. WI students that they win become pro-
ducers and consumers of goods in a classroom
activity to be called Recycleville. The city of Re-
cycleville will contain stores selling goods made
from discarded waste items. These goods will be
created in Recycleville classroom factories and
then sold in Recycleville classroom stores. The
teacher can select the types and numbers of
goods to be produced and sold in the Recycleville
stores from the list below. Or, arrangements
could be made to have students in company
groups decide what they would like to produce
from the list. Directions for making these items
can be found at the end of this activity in Reuse
Instructions (A-.1), Company groups could also
decide to design and make a product not listed
in this activity.

190t4 ()hit, 1.11.p.sit mem Nittur,i1 fivwtittro.., .4mt Rot-, , lmt h rr:+nklIti Elt.ton1.4r rolunliwin. t lh,,,ild Do DU%
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RECYCLEVILLE, USA

Store Names

Quilt Shop

Thlephone Store

Recycleville Art Gallery

Music Store

Thy Store

Sporting Goods Store

Puppet Shop

Garden Center

Office Supply Store

Possible Products to be Sold

Mini quilts for baby dolls (B)*

Tin can telephones (B)

Art work made from waste items (B-C)

Maracas (C). Tambourines (D), Drums (D-E)

Doll, rockets, boats, cars, trains, trucks (A and E), doll house and
furniture (F-G), bleach bottle piggy bank (G)

Ring toss game (H), plastic milk container ball catchers (H-1), ball
paddles game (I)

Puppets (I)

Glass jar terrarium (J)

Tin can pencil holder (J)

*Letters by each products indicates the section in the Reuse Instructions where it can be found.

3. Show the students pictures or explain to them
the various items that can be produced in Recy-
cleville, based on the Reuse Instructions (A-I).
You may have other items to add to this list.
Have students divide into four or five company
groups, with each group choosing initially one
item to produce. After all groups have chosen to
make different items, make up individual step-
ply lists for each group based on the Reuse In-
structions (A-A Divide the supply lists into
material supplies (reuseable waste items to be
brought into the classroom) and tools (any items
such as scissors, hammer, paper clips, glue, etc.
which you will furnish from the classroom).

4. When all groups have made supply lists, make a
general classroom supply list of materials (not
tools) needed by all groups. Put this on chart pa-
per on the bulletin board. Have students, re-
gardless of their group, collect any of these
items and bring them to class. Each group will
need to prepare (and decorate if desirable) boxes
ahead of time to serve as storage warehouses
until materials are to be used. All items should
be cleaned before being brought into class. Dis-
cuss with students why it can be claimed that by
bringing these items to class to be reused, they
are saving scarce landfill space and natural re-
sources.

5. Have students make a quantity of play money
on slips of paper worth 54, 10(r, 250, $1.00,

$5.00, $10.00, $20.00 and $50.00. Make smaller
amounts of each kind of bill as the value of the
bill increases. Stamp all money with a teacher's
stamp to avoid counterfeiting. Keep all money
aside for later use by the bank group.

6. After sufficient quantities of reusable materials
have been collected, have each group make a
count of the quantity of each type of material
collected in their warehouses. Make a list on the
board or on chart paper of all the materials of all
the groups, indicating the quantity of each ma-
terial collected. In ascending order of scarcity,
put at the bottom of the list the material or item
of which there is the most uTt.. l you reach the
top which will be the item or material of which
there is the leant quantity. Discuss how the
value of a raw material is often based on its
scarcity. Then have students assign monetary
values to each item on the list with the scarcest
item costing the most (for producers) to buy and
the item in greatest quantity being the least ex-
pensive to buy.

7. Assemble all the tools and classroom supplies
needed to make all of the products. Have the class
give these monetary values based on the relative
value of materials teed to make the item. (Ham-
mer and scissors would be more expensive for pi..
ducers to buy than paper clips or glue.)

8. Each group is now ready to plan for the produc-
tion of their product. Give each group the hand-

3 1 S
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RECYCLEVILLE, USA 12
out, Production Planning. Before having them
work on completing this, you will need to do the
following:

a. Either hold a how to session demonstrating
how each group's product is to be made or
make up individual procedure descriptions
for each product of each group. lb do this re-
fer to the Reuse Instradions.

b. Explain the three sections on the handout.
Make sure students understand what a
"process order" is (it refers to tasks needing
to be performed as indicated on the handout,
Production Planning). The pay for each
worker should be based on a group decision
about the skill of the task so that hourly
wages will Offer. Specified rules for each
worker can include safety rules and cleanup
rules.

9. After groups have completed the handout, Pro-
duction Planning, check their work to see that
costs have been figured correctly. Then each
group will need to decide how many of each item
they want to produce initially. This can be done
arbitrarily based on resources available, or with
older students, you may want to have them
make the following calculations:

a. Add up the cost of material supplies and la-
bor needed to make one item. Based on this
cost, how much should be charged to make a
profit when selling the item? This should be
a reasonable price, not too high se that no
one would want to buy the product, but a
profit must still be made.

b. How many items must be sold at
a profit so that tool costs can be paid for and
still make a profit? (lbol costs represent capi-
tal costs which are relatively fixed; hence
tool costs need not be associated with the
making of each item.) This exercise may re
quire an adjustment in the selling price de-
cided upon in "a."

c. Students can now speculate about how many
items they should produce to cover initial
costs.

10. Based on the TOTAL PRODUCTION COSTS
(from Production Planning handout), for mate-
rials, labor and tools, each company group can
now ask the bank for a loan. (Or, you could make
arrangements for companies to sell stock.)

11. Before companies request their loans you may
want to add an additional exercise to the activ-
ity which includes additional cost considera-
tions to be figured into the reasonable sale price
and the bunk loans. These costs would be repre-
sentative of "SALES COSTS" including cost to
rent space, to advertise and to pay for retail
sales labor as indicated in the steps below:

a. Decide before conducting the activity what
materials can be collected and made availa-
ble to groups so they can advertise their
products. This can include poster board,
markers, paints, construction paper, scis-
sors, etc. You will need to add these items to
the materials list in Step #6 and tools list in
Step #7 above, so they can be given a mone-
tary value.

b. You will also need to decide on rent costs for
various retail locations in the room and the
wage costs for a retail seller in the group.

c. Students will need to add costs for rent and
retail wages to their bank loan requests and
costs for these and for advertising (counting
advertising as a relatively fixed cost) to their
reasonable selling price.

12. After the bank has granted loans to each com-
pany, have each group designate a fiseal officer
to buy materials. Then each company can set up
factories for classroom production. This will
mean a variety of arrangements.

13. When each group has made a sufficient amount
of their product (not necessarily the amount re-
quired to cover production costs) they can pre-
pare their product for sale, including
advertising efforts. Make sure fiscal officers pay
laborers in the company for their work. It is
with this money that goods will be bought.

14. Designate sale days. May be one hour a day for
cad, of two days during the week.

15. Check to see if consumers have enough money
to make one or two purchases of the items. You
may have to augment their wages initially with
a bank loan, or if they are paid so much that de-
mand will exceed supply of items, you could tax
wages.

16. For intermediate grades you may wish to apply
the concepts of supply and demand as they af-
fect prices. As a store begins to sell out of all of



RECYCLEVILLE, USA

its goods you may suggest the owners raise their
prices, or lower them, if they are having difti
culty sellir items. This may mean lowering
wages as well.

17. At the completion of a few Market Days, stu-
dents in each store could participate in the fol-
lowing activities:

a. Count the money collected and compare it to
the amount of money spent to produce and
sell the good. This will determine the profit.
Make a classroom chart for recording pro-
duction (and sales) costs and profits and out-
standing loan amount. Have groups make
up a company report.

h. Have companies take inventories.

c. Continue activity in whatever manner you
wish.

Evaluation
. Have the students compare and contrast orally

their roles as producers of goods and as consum-
ers of goods. Have them write an experience
story about their Recycleville experiences.

2. Have students answer the following questions
orally:

a. Tell what it me,:ns to reuse r ,terials and
why we should reuse waste mk. ,

b. Identify the following in the activity: goods,
services, overhead cost, labor cost, profits,
inflation, etc. for intermediate students).

c. Name something you could do to make other
people aware of the importance of reusing
waste materials.

t)
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Name of Produrt Company Name

REUSED MATERIALS
COST

(per unit) TOOLS AND SUPPLIES
COST

(per unit)

TOTAL TOTAL

TASK EACH WORKER WILL PERFORM (in process order) RATE/hr. SPECIAL RULES

321
TOTAL TOTAL PRODUCTION COSTS
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RECYCLEVILLE, USA
REUSE I NSTRUCTIONS

Reuse Instructions (A-J): for use in the
activity, Recycleville, U.S.A.

These ideas can also provide the basis
for a general reuse activity.

94N t upol lir iftlMMITint
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REUSE INSTRUCTIONS (A)
RECYCLEVILLE, USA 12

A. Reuse empty plastic dishwashing liquid bottles in the following ways:

1. Container for pencils 2. Doll

cut off top
of the bottle

styro,foam
ball

buttons

cardboard

material

yarn

dishwashing
liquid bottle

B. Reuse empty milk cartons in the following ways:

1. Birdhouse* 2. Boats

stick

twine

)
11111tAlill

I
Lgi..... 01
milk carton

cut
bole

3. Space age car

dishwashing
liquid bottle

3. Basket*

small atTAW13 colored
boxbox Paper

milk carton

C. Reuse computer cards in the following ways:

1. Flashcards 2. Bookmarks

cut in half
and decorate

bottle
caps or
buttons

3. Nametags

milk
carton

yarn

* Reprinted with permission from Lion Books, Publisher, Scarsdale, N.Y. From pages of Cardboard Carpentry = 1966. Lion Books.
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RECYCLEV1LLE, USA

Mini Quilts for Dolls

Materials needed for each quilt:
1 10" x12" piece of material
20 2" squares of material in a

variety of colors and patterns
scissors
rubber cement,

REUSE INSTRUCTIONS (B)

1. Cut piece of material 10" x 12" and cut 20, 2" squares from a variety of colors of material.

2. Lay the 10" x 12" piece of material on a desk.

3. Leaving a half inch border, arrange tho 2" squares in a design on top of the 10" x 12" material.

4. Put rubber cement under each square of material and press the square down to hold it in place. (You could
also make quilts using colored paper scraps or wallpaper scraps.)

Tin Can Telephones

Materials needed:
2 tin cans with one open end on each can
2 paper clips
1 ball of string
1 tin punch
1 hammer

1. Punch a hole in the center of the bottom of each can using the tin punch and hammer.

2. Cut the string to the desired length.

3. Put the end of the string through the holes.

4. Tie paper clips to the ends of the string so that the string will not slip out of the hole in the can. (Telephones
can also be made using Styrofoam or paper cups. Use a pencil to poke a hole in the bottom of each cup. Then
follow the directions above for attaching the string.)

Art Work

1. Mosaic pictures can be created using bits of colored egg shells (shells from hard boiled eggs colored with
Easter egg dye), pieces of nut shells or old pieces of colored floor tile.

30932)
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REUSE INSTRUCTIONS (C)
RECYCLEV1LLE. USA 12

2. Sculptures made from waste materials can be created. Examples include the following:

a. Container Sculpture using milk cartons or plastic containers;
b. Box Sculpture - using boxes of various sizes and shapes;
c. Aluminum Foil Sculpture - using foil saved from packed lunches;
d. lbothpick Sculpture or Stick Sculpture;
e. Wire Sculpture;
f. Sponge or Foam Rubber Sculpture;
g. Paper Sculpture or Papier-Mache Sculpture;
h. Wood Scrap Sculpture.

3. Collages can be created using scraps of material, wallpaper or colored paper, magazine pictures, buttons,
toothpicks, bottle caps, jar lids. straws, used sandpaper, string, yarn, etc.

4. Applique Pictures in which material scraps are sewn on to a larger piece of material can he created.

5. Mobiles can be made from waste ni.Aterials.

6. String or yarn pictures and designs can be created.

Maracas

Materials needed:
scissors or paper cutter
newspaper
papier-mache paste
bowl for mixing paste
spoon for mixing paste
1 large burned out light bulb
sandpaper
tempera paint
paint brush
shellac or varnish

I. With sci3sors or a paper cutter, cut the newspaper into 1/2" wide strips.

2. Mix the papier-mache paste.

3. Dip the strip of newspaper into the paste until it is thoroughly wet. Lift tlie strip nut of the paste and gently
pull it between two of your fingers in order to remove excess paste.

4. Put the strip on the light bulb and smooth it down to remove wrinkles and bubbles.

5. Continue putting the strips in different directions on the bulb until it is covered. Repeat this procedure 1.111
til at least five layers of strips have been put on the light bulb.

6. Let the maraca dry thoroughly.

1014$ (Phu, Di pi/10mill .1 N,Itur,11 RCM f 13,
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RECYCLZVILLE, USA
REUSE INSTRUCTIONS (D)

7. Hit the maraca on the floor to break the bulb inside.

8. Use the sandpaper to sand toe t araca until it is smooth.

9. Paint designs on the maraca with tempera paint.

10. Shellac or varnish the maraca.

Ilimbourine

Materials needed:
1 large margarine tub lid
1 ball of string
25 pop bottle caps
1 tin punch
1. hammer
scissors

1. Using the tin punch, make 25 holes around the top of
the margarine tub lid near its edge.

2. Use the tin punch and hammer to punch a hole in the
center of each pop bottle cap.

3. Cut 25 pieces of string, each about 2 1/2" long.

4. Thread one piece of string through each bottle cap.

5. Thread each string with a bottle cap on it through
a hole in the margarine tub lid and tic the ends in a knot.

Drum

Materials needed:
1 two-pound coffee can with the top and bottom eat off
2 two.pound coffee can lids made of plastic
1 ball of string
light colors of colored paper and small scraps of colored paper in a variety (f colors
crayons, markers
yarn
glue
tape
scissors

311
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RECYCLEVILLE. USA
REUSE INSTRUCTIONS (E)

1. Choose a piece of colored paper. Wrap it around the outside of t1w can and cut it In fit the can. rilipe it to the
can.

2. Decorate the colored paper by gluing yarn. scraps of tither coliirs of colored paper. etc. to it. Write or draw
designs on it with crayons and markers.

3. Cut a piece of string 30' long. Thread it
through the can and tie the ends.

4. Put orw coffee can lid on each end of the
coffee can.

5. Put the string around your neck and
pound on the ends of the drum.

ilbyti for the Thy Story

Students can he creative in designing airplanes, boats, cars, trains. trucks. rockets. spaceships etc. from differ-
ent sized boxes, jar lids. cartons. spools. bottle caps, straws. cardboard, colored paper. etc. Examples:

Truck

Ifelicoptyr

slim and
artlint:trd

''I (

bot 1

pat, vivant',
and ..ardblqird

Cur

-mall lin\

lid-

Hu*'ltrt

baths-tom)
issur rolt-

t1S,171

(1.1411Id

ft/111%4d I It .t
CI Mr SII:tpt

t.141ht,ard

( .41.1140:4ra

1(40;

rt 011

Train

,tar lid,.

Wagon

parmesan
elug.sla
cats

jar lids

I914#4 Oho, Ihyurrtnu rit oi %at at el NI,41.111.
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RECYCLEVILLE, USA
REUSE INSTRUCTIONS (F)

Doll House*

Materials needed:
1 box
glue
scissors
scraps of wallpaper and colored paper
tempera paint
magazines
scraps of cloth

1, Cut the box down the center of each side.
You will end p with four pieces of the
box that look like this:

2. Put the corners oi: each piece together
and glue them. You now have a doll
house with four rooms.

3. Have the children decorate each room with wallpaper scraps or paint the walls. They can use the material
scraps to make curtains. Magazines could be used to find decorations for the walls.

Doll Furniture*

Materials needed:
bottle caps
spools
small boxes, such as spice boxes, jell° and pudding boxes, jewelry boxes, match boxes
corks
straws
caps from containers for lampshades)
cloth scraps
colored paper scraps
wood scraps
jar lids

Reprinted with permission from Lion Books, Publisher, Scarsdale, N.Y. From pages of Cardboard Carpvntry 1966. Lion Books.
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REUSE INSTRUCTIONS (6)
RECYCLEVILLE, USA 12

Students can be creative in designing chairs, tables, lamps, dressers, beds, etc. Examples:
tamp

container cap

bottle
cap

Bleach Bottle Piggy Bank

Chair StoveMINEMMwww

material

straws

cardboard

Bed

Materials needed:
1 empty plastic liquid bleach bottle thoroughly rinsed
4 corks
permanent magic nurkers in an assortment of colors
2 bt.tons (optional)
coloreu paper
1 pipe cleaner
glue or tape
scissors

1. Cut a slit in the side of the bleach
bottle below the handle. It should
be large enough for coins to fit through.

2. Glue the four corks cn the bottom of
the bleach bottle for the pig's legs.

3. Draw eyes with permanent magic markers
or glue buttons on for the eyes.
Draw a mouth.

4. Curl a pipe cleaner around your fingers
to make a tail for the pig. Glue or tape
it on the end of the bleach bottle.

bottle
caps

cardboard
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RECYCLEVILLE, USA
REUSE INSTRUCTIONS (H)

5. Make ears for the pig from pink colored paper. Glue or tape them on both sides of the bleach bottle.

6. Cut a circle of pink colored paper and glue it to the top of the cap of the bleach bottle.

7. Decorate the pig with markers or colored pawn

Ring 'hiss Game*

Materials needed:
1 cardboard tube from aluminum foil, plastic wrap or waxed paper
4 large margarine tub lids
1 flat rectangular box
1 flat rectangular scrap of wood larger than the box
scissors
tape
tempera paint - any color
4 nails
1 hammer

1. Cut out the inside of the margarine tub lid so that only
a rim remains. Do this to all four lids. This will make
the rings to be tossed.

2. Cut a hole in the middle of the flat rectangular box.
Push the cardboari tube through the hole and tape it
to the box.

3. Nail the corners of the cardhe ird box
to the wood scrap.

4. Paint the ring toss game. When it is dry, put it on the floor.
the rings so that they will land on the cardboard tube.

Plastic Milk Containers Ball Catchers

Materials needed:
2 one-gallon plastic milk containers
scissors
one used tennis ball

1. Using scissors, cut part of the bottom
of the milk container off so that a scup shape remains.

0

* itt.prInteti with perints,,,ion from Licrn Books. Publisher. Svarscliti. N Y. From pagcsitt 'cm/hoard 'up-la...wry 1964i. Lion Books.
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REUSE INSTRUCTIONS (I)
RECYCLEVILLE, USA 12

2. Follow the same procedure for the second milk container.

3. Two people may play with the ball catchers. One person puts a ball in hisfher catcher and tosses it to an-
other person with a catcher. That person tries to catch the ball and then toss it back. Continue tossing the
ball back and forth.

Coat Hanger/Pantyhose Paddies

Materials needed:
2 coat hangers
I pair of pantyhose
masking tape
scissors

1. Bend the hanger into a diamond shape.
Bend the hook so it is straightened.
(You may want to tape the end or add
a wooden handle.)

2. Cut one leg off of the pantyhose. Pull the pantyhose leg over the coat hanger. Stretch the pantyhose tightly
over the hanger. Pape the open end of the pantyhose to the straightened part of the hanger.

40-
3. Follow the same procedure for the second hanger.

#. 0
4. Using a light weight ball, hit the ball back and forth.

Puppets

Allow the students to be creative in designing puppets using a variety of waste materials. They could make
one or several of the following types of puppets:

Sock Puppet Paper Bag Puppet
Newspaper Stuffed Paper

Bag Puppet on a Stick

)11368 Oka,, Npartment of Natural Beffaurres
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RECYCLEVILLE, USA
REUSE INSTRUCTIONS (J)

Glass Jar 'Ibrnirium

Materials needed:
1 large mouth jar
uncolored aquarium gravel
sterilized soil
spoon
small plants that like moisture

and shade
cork to fit the opening of the jar

1. Put about an inch of aquarium gravel in the bottom of the jar. This will help the drainage.

2. Spoon about two inches of soil over the gravel and spread it out evenly.

3. Using the other end of the spoon, ma'-e a hole in the soil for planting a small plant.

4. Put the plant into the hole and spoon the soil around its roots. Follow the same procedure for other plants.

5. Moisten the soil evenly with sprinkles of water.

6. Place the cork in the top of the jar.

7. Put the terrarium in a place where it receives light but not direct light.

Tin Can Pencil Holder

Materials needed:
1 tin can (soup can)
1 strip of colored paper 9" x 3-3/4"
glue
magic markers

1. One end of the can should be open. Remove the label from the can.

2. Draw a design or write messages on the 9" x 3-3/4" strip of colored paper. The students could also glue
seeds, beads, shells, buttons, etc. on the paper to decorate it.

3. Wrap the strip of colored paper around the outside of the can and glue the ends together.

4. Use the can as a pencil holder.

317
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ECOLOGY CASH CHAPTER 13

ti

-

.mew

.41

1 TE flE*1)1 A FE

4111
Objectives Students will be able to <win-
pite how much money can he made by recycling alu-
minum and paper. Students improve their ability to
solve math word prohh-ms

Method Students bring in aluminum cans
and nicks' fractions and sums based on classifica-
tions of cans by product name. Students bring in
newspapers. Aluminum rails and newspauers are
weielled and calculations are made about how much
money can be made by recycling various quantities
of these materials at different prices.

Duration: four class periods

Setting: classroom, home

Subjects: Social Studies, Math

Curriculum Reference: 6.3

Preparation Aluminum Alert: one
used aluminum pop can per student, pencils and
scales; Drowned in Paper: paper grocery bags,
scales, newspaper brought in from home.

Vocabulary buying price, recycle

Handouts Aluminum Alert, Drowned in
Paper

Procedures
1. Aluminum Alert:

Have each student bring in one clean. empty
pup can. (You may want to add more to insure
examples of various bramis of pop.) Line these
up in a long row. Give each student the hand-
out, Aluminum Akrt, and have them comp'ete
Part A. Discuss answers from Part A and put ex-
amples on the board. Point out that aluminum
cans are recyclable. Weigh an amount of alumi-
num cans equal to the number of students in the
class. Then, have students complete Part B. If
there is a recycling center which takes alumi-
num in your community, find out what it is pay-
ing per pound and substitute for the figure (24C)
given on the handout. Prices can fluctuate be-
tween lti4/1b. to 50(Mb. so you could make addi-
tional math problems for students based on
changing the price paid for aluminum. If you
are not participating in a recycling collection,
donate cans to a group that is. Discuss positive
aspects of recycling besides earning money: e.g.
saves resources and landfill space.

2. Drowned in Paper:

Collect in paper grocery bags all newspapers
brought into the classroom for a period of two
weeks. Give each student the handout, Drowned
in Paper, to complete. You will need to help stu-
dents weigh the newspaper and tell them how
many weeks are in your school year and how
many classrooms are in your school. When fin-
ished, make plans to recycle the newspapers
which have been brought to class.

Evaluation Make up additional math
questions by varying; questions on handouts.

19,04 /1111. Ht -+,1111 t i111111 F %d.un . M+.14.11,nwl.% ,I),
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13 ECOLOGY CASH
ALUMINUM ALERT

Part A, Directions: From the row of aluminum cans, make finir sums with more than
two fractions each. The denominator will be different for each sum depending on the
total number of cans you choose to use.
Example: 17 Coke cans

17
29

1.

4.

9 Pepsi 3 Sprite
9 -4 3 29
29 29 29

Part If, Directions: Answer each question below working your answers out on the
back of this page or on a separate sheet of paper.

5. How many cans are there? How much do they weigh`'

6. If each person in the class brought in one recyclable can each school day for a week, and
we were paid 241 a lb., how much money would the class make?

In three months? In one week? In one school year?

7. If you collected one recyclable can from every person in Ohio (approximately 10,000,000
people in Ohio), how much money could you make?

322
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DROWNED IN PAPER
ECOLOGY CASH 13

Directions: Answer each question below and show your work.

1. What is the total weight of classroom newspaper? lbs.

2. If we collect this in two weeks, how much would we collect in one school year?

3. If each classroom in the school collected this weight in two weeks, how much would
our school have:

in two weeks'?

in one school year?

4. What is the best thing to do with old newspapers?

5. If a recycling center will pay 1/2c (.5g) for a pound of paper how much can your class
make:

in one month?

in one year?

6. How much can your school make:

in one month?

in one year?

INK Ohm Department td Natural Heanuret



DOLLARS AND POUNDS CHAPTER 13
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Objectives Students will be able to: ill
explain why some recyclable materials have a
higher market value than others; (21 calculate how
much money can be made by selling recyclables to a
recycling center. Students will improve their abili-
ties to interpret information and to compute figures.

Method Students define words related to
recycling and discuss the value of recyclables based
on scarcity and demand. They identify information
from a chart to decide scarcity and values of various
recyclable materials, and to deduce prices for vari
ous quantities of these materials.

Duration: seven or eight class periods

Setting: classroom, home

Subjects: Social Studies, Language Arts,
Math

Curriculum Reference: 6.:3

Preparation paper, pencils, graph pa-
per, index cards, calculators; if possible, a variety of
waste objects made from glass, paper, aluminum,
brass, copper, gold; references such as encyclopedias

Vocabulary buying price, market, recy-
cling, scarce

Handouts Recycling .41larket Ikabulary:
Money For Recyclable?:

Procedures
1. Give each studenl, a copy of the handout, Recy-

cling Marled tiwabulary, and have them com-
plete it. Discuss answers.

2. Give each student the handout, Money For Re-
cyclable:iv nu each student to look at the chart
and list the six material resources according to
their monetary value by weight. Make a list on
the board for students to rank.

Most Valuable: 1.
2.
`1,

4.
5.

Answers:
(gold)
(copper)
(aluminum)
(brass)
(glass)

Least Valuable: 6. (paper)

Ask students why gold is worth more than pa.
per? (Gold is scarcer than wood and there is a
big demand for gold as a store of value and to
make products.)

3. Introduce t he idea of demand as another reason
for the value of a resource material. If people did
not want to drink soft drinks out of aluminum
cans, then t here would he less value in alumi-
num as long as the demand lire other aluminum
products remained constant. If paper mills start
using more virgin wood chips than recycled pa-
per to make new paper. then the demand, and
hence the price paid to recyclers for recycled pa-
per. goes down. This principle is often why some
recyclers quit accepting certain materials, at
least until the market value increases.

4. Have students look at the list of material re-
sources identified on the handout, Recycling
Market ii,cabulary. Tell them to take this list
home and look for as many items as imssihle
which are made of these materials. Have stu-
dents record each item according to which mate-
rial resource category it fits into and tb bring a
chart recording this information to school. Have

1988 )hiti ik.partntrnt u$ Nat U bl HO'Wd31 .41111, .1,011* I Si }11141,,, 11w IL.
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13 DOLLARS AND POUNDS

students make a chart us follows before leaving
school:

Gold
Copper
Aluminum
Brass
Glass
Paper

(watch)
(water pipe)
(pop can)
(door knob)
(bottle)
(plate)

Before students take the chart home and begin
their search, have students infer, on a sheet of
paper, which material they think they will find
the most of, the second most of, etc., to the mate-
rial they think they will find the least of. Collect
these.

5. When students return, discuss their homework
charts and check to see if they confirmed their
inferences. Discuss why certain material re-
sources seem to be wasted more than others.
and discuss how most of the items they ide..-
fled at home could he recycled in one way or an-
other.

6. Discuss with students how money can be earned
by collecting and taking them items to a recy-
cling center (gold is usually taken to a pawn
shop or a collector). Prepare index cards with
one of the following items on each card. One at a
time have students draw a card and use infor-
mation from the chart, Money For Reryelahlex,
to find how much money they could make if they
took the quantity of the item on the card to a re
cycling center offering the prices designated on
the chart.

1. 24 aluminum cans
2. 0.5 oz. copper pipe
3. 43 aluminum cans
4. gold chain weighing

.0008 oz.

5. 431 aluminum cans
6. I lb. 2 la. copper wire
7. 14 lb. glass bottles
8. 43,100 aluminum cans
9. 0.5 oz. copper bracelet

10. 69 aluminum cans
11. 35.33 lb. newspapers
12. 2 lb. 6 oz. brass pine
13. 150 lb. glass bottles

14. 400 lb. newspapers
15. 6 lb. 11 oz. brass light
16. 86 aluminum cans
17. 133.33 lb. newspapers
18. 3 lb. 5 oz. brass planter
19. 50 lb. glass bottles
20. 1 lb. 14 oz. brass door knob
21. 259 aluminum cans
22. .000048 oz. gold bracelet
23. 24 aluminum cans
24. 43,100 aluminum cans
25. 008 oz. gold ring

7. Check with a local recycling center it your area
to find what materials and items they collect.
Compare their prices with those on the chart.

8. Initiate a recycling collection drive and have
students record how much they make or have
made from taking the items to a recycler.

Evaluation Answer the following ques-
tion: What are the advantages and disadvantages of
collecting aluminum for money rather than collect-
ing copper for money. (Possible answer: Aluminum
is easy to locate but lower in profit. Not all recycling
centers accept copper.) Continue by making addi-
tional 7omparison questions of this type for stu-
dents.



DOLLARS AND POUNDS
RECYCLING MARKET VOCABULARY

Part A, Directions: Read the following list of words and put them in alphabetical or-
der.

gold, recycle, copper, aluminum, scarce. brass,
center, resources, litter, demand, glass, paper

1. 5. 9.

2. 6. 10..

3 7. 11.

4. 8. 12.

Part 11, Directions: From the words above find the six items that represent specific
materials. Look up and define each word telling where each material comes from and
from what resource(s) it is made. Then think of some products made from these materi-
als and list them. Do this on a separate sheet of paper and then answer the questions
below.

SIP

1. Which of the six materials are renewable, which are non-renewable? (Look up the words
renewable and non-renewable if you do not know them.)

2. What does the word scarce mean? Which material listed above do you think is the most
scarce? Which is the least. scarce? Why?

3. Which two words from the list of 12 words above go together to designate a place? What
is this place? What happens at this place? (Describe on back.)

INNb t/tAtu Dovartntent ert Natural Krauurce.e
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OUR SCHOOL RECYCLES CHAPTER 13

PRIMAItY IN I ERN1EDIA.FE

Objectives Students will he able to: (1)
describe and plan a school recycling drive; (2) partici-
pate in a recycling drive. Students will improve
their abilities to plan and to milicrate with others.

Method Students discuss the need to recy-
cle and advertise a school-wide recycling drive in
various ways to various grade levels, They conduct. a
recycling drive with help of parents. They analyze
their own participation and the process order of
things needing to he done in order to conduct a recy.
cling drive'.

Duration: several class periods during a
week, contion;ng at various times
throughout the year

Setting: classroom, school, home, community

Subject: Social Studies. Language Arts

Curriculum Reference: 6.2

Preparation Need to have a recycling
center in your community and teachers who are will-
ing to donate time to the program_ ('heck with your
local recycling center for educational materials or
resource people to speak to your class.

Vocabulary profit, recycling drive

Handout Time OMIT tote Recycling Drive

Procedures
1. Students write plays and puppet shows to pres-

ent to different grades at the school. The class is
divided into groups and each is assigned a dif-
ferent grade level. They then create and
produce a play or puppet show to encourage ev-
eryone to recycle. Ideas for these' plays and/or
puppet shows can he found in the Chapter 11 ac-
tivities: RECYCLING DRAMAS and PUP-
PET DRAMAS.

2. Throughout the year make posters. write an-
nouncements and newspaper art ides, and write
poems and stories promoting the recycling pro-
gram. (See other activities in Chapter 11.)

:3. The recycling program can begin the first Satur-
day of October and continue throughout the
school year. Call these "Recycling Saturdays."
From 9:00 to 11 :00 am the elementary school is
the collection center. Everyone is encouraged to
bring in their newspapers and aluminum cans
(or even glass, plastic, oil, etc. --- whatever your
local center takes). By bringing recyclables to
the school on Saturdays only, you eliminate the
problem of storing items until it is time to take
them to the recycling center. The teachers take
turns being on duty for a Saturday. At 10:45
have parent volunteers, along with their chil-
dren, come to school and load up the pickup
trucks, vans or station wagons. Take items to
the recycling center. The teachers, parents and
students all help unload and learn first-hand
how recycling is done. You could go home with a
check of $50.(X) $100.00. Use sample exercises
from the activity, ECOLOGY CASH, in this
chapter. to figure profits and potential profits
for the school.

4. Monday morning start all over again by making
an announcement about "Recycling Saturday"
and encouraging everyone to keep saving and
collecting. The money earned during the year
can be used for educational materials,-outdoor
education camp, playground equipment, dona-
tions to a charity. Let students brainstorm use's
for the money. But remember to promote
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13 OUR SCHOOL RECYCLES

recycling as environmentally important as well
as a way to nuike money.

5. After the program has been conducted for a cou-
ple of months: a. have students evaluate in a
paragraph how they used their own resources in
the recycling program (time, equipment, tal-
ents, energy, etc.). b. have each student describe
in a paragraph how the recycling program re-
sembles a business enterprise including eh-
ments of planning and initial investment of
time and money, marketing and advertising. re-
mining labor. providing services, making a pro-
fit. investing the profit, etc.

Evaluation Once the program has got-
ten underway, have each student define seven to ten
steps in sentences which describe what the school is
doing. Have students put these in the order they
take place. You may use the handout, Time Order of
a Recycling Drive, if it fits your situation.

tI'#
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OUR SCHOOL RECYCLES
TIME ORDER OF A RECYCLING DRIVE

Directions: To explain what happens in a special effort like a recycling drive, good par-
agraphs are written in a process order. They tell what happens first, second, third, and
so on. Rewrite this paragraph about a school recycling drive in its correct time order.

At 1.0:45 am parent volunteers come to school and we load up their pickup trucks, vans
and cars and depart to the recycling center. Our school recycling program begins on the
first day of school. People bring in their newspapers and aluminum cans at this time. From
9:00 to 11:00 am the elementary school is the collection center. We begin studying about re-

cycling and how it helps the environment. We collect anywhere from $50.00 to $200.00 for
our newspapers and aluminum cans. After studying about recycling we begin our advertis-
ing campaign. Our first "Recycling Saturday" is the first Saturday in October and will con-

tinue throughout the school year. At the recycling center we unload and learn first-hand
how recycling is done.

1SS (nu" I er-ttnri na.111 14 Nw
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CAREERS IN WASTE
MANAGEMENT CHAPTER 13

INTE1011:1)1.-%

Objectives Students will be able to: (1)
describe the variety of vocations and tasks necessary
to operate waste management and recycling con-
cerns; (2) explain how these vocations are interde-
pendent. Students will improve their abilities to
cooperate in groups and to find information.

Method Students brainstorm in groups and
list vocations and tasks necessary to i un waste man-
agement and recycling operations. They conduct re-
search to expand on these initial inferences of the
group. They use a handout listing numerous job de-
scriptions in different ways to learn more about spe-
cific vocations related to waste management.

Duration: five to six class periods

Setting: classroom, community

Subjects: Social Studies, Science, Language
Arts

Curriculum Reference: 6.4

Preparation reference books, writing
materials, index cards, scissors, glue

Vocabulary carvers, industry, interde-
pendent, needs, recycling. task. vocation, waste
management

Handout Jabs A Fie Done

Procedures
1. Make two headings on the board: one Waste

Management and the other Recyc/ing. Have stu-
dents think of different needs which communi-
ties have related to these concerns: e.g.
collection, disposal, separation of materials for
recycling, someone to run machines, etc. List in
the two columns.

2. Have students divide into groups; some groups
are to brainstorm about recycling vocations and
others about waste collection and disposal. Each
group should make a list in two columns down a
sheet of paper. In one column they are to list
"general vocations" they think are needed in ei-
ther waste management or recycling, e.g. engi-
neer, chemist, advertiser, technician (machine
operator). laborer. In the space directly opposite
each of these, in the other column, they are to
describe what "specific tasks" would be re-
quired of these vocations in waste management
or recycling operations, e.g. engineer design a
landfill; chemist - test sewage water to make
sure it is safe to dispose of in the environment;
advertiser - make public service announcements
telling people to recycle; technician - drive bull-
dozer at a landfill; laborer run machine to
crush cans at a recycling center. You may want
to give students a list of "general vocations"
and have them research these in reference
sources, looking up the general vocation title.
Then they could look up information under
headings related to waste management and re-
cycling so as to identify specific tasks.

3. When these lists are completed, discuss the in-
terdependence of each vocation or other voca-
tions and what services are being provided to
the community by people who work in waste
management and recycling.

4. The handout, Jobs lb Re Done, is for you to use
in whatever way you wish; but note, there are
many terms related to waste management
which may need to be explained to students if
not done so in the previous exercises. Five sug-
gestions for using the handout follow:
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13 CAREERS IN WASTE MANAGEMENT

After groups have discussed their own re-
search, compare with the handout, having
them make additions. (Also, note that not all
vocations or concerns related to waste man-
agement and recycling are listed on the
handout, e.g. waste incineration plant and
operator, and remanufacturers of paper, alu-
minum and plastic.)

Make a list on the board of the general head-
ings in the handout; Collection, Landfill Dis-
posal, Recycling Collection, Recycling
Manufacturing, etc. Have students divide
into groups for each heading, and using ref-
erences, have them make reports on what
jobs are required to run a waste collection
company, a landfill, a recycling center, etc.
Then, have them compare their answers
with the handout.

Give each group a copy of the handout and
go over it. Have students decide what voca-
tion(s) they would like to pursue and explain
why.

After going over the handout with students,
make a role playing game. Have students
cut out job descriptions from the handout
and paste or glue or tape onto index cards.
Mix the cards up in a box and have students
take turns drawing job descriptions from the
box and acting out a charade to see if their
group can guess the specific vocation and
task involved. The group that makes the
most correct answers wins a prize.

Use cards with job descriptions (as made
above) in a classification exercise. Write the
general headings from the handout on the
board. As each student takes a card they
should read the description out loud and
identify under which category the job fits.
You could divide the class into teams for this.
(Note that some job descriptions may fit
more than one general category, so have stu-
dents explain their answers.)

Evaluation
1. Take a field trip to a recycling center, a landfill,

a recycling manufacturing plant, etc. Have stu-
dents identify as many jobs as they can based on
what they observe.

2. Have students look at pictures in the handout,
Machines and Systems, in the activity,
CHANGING MATTER IN ANALOGOUS
WAYS (Chapter 14), and identify what ma-
chines and tasks are required to run specific op-
erations, e.g. coil( scion, recycling center, a
landfill, etc.



CAREERS IN WASTE MANAGEMENT
JOBS TO BE DONE

COLLECTION

SANITATION DISTRICT SUPERVISOR: responsible for planning, directing and coordi-
nating collection and disposal of refuse in a district of homes and/or businesses.

REFUSE COLLECTION SUPERVISOR: oversees the work of a crew of drivers; assigns
routes to pick up trash; checks for completion of each job; handles problems with the col-
lection crews and complaints from people on the route that have their garbage picked
up.

REFUSE COLLECTION DRIVER: drives a packer truck (rear loader with compactor)
and supervises two refuse collectors, called ground men.

AUTOMATED REFUSE VEHICLE OPERATOR: operates automated refuse collection
vehicle that picks up and empties special waste containers with a lift device on the out-
side of the truck; use front loaders to empty dumpsters; use side loaders for 90- or 300
gallon containers.

REFUSE COLLECTOR (also called ground men): collects waste in an assigned area of the
city by dumping it into a packer truck as they follow behind the truck. (Some companies
are in the process of phasing out this job due to personnel costs with new technology, it
is cheaper to use automated trucks, the use of which also decreases injuries.)

COSTODIAL WORKER: cleans buildings and maintains grounds so that waste collection
does not create health problems for fellow workers or people living near by.

REFUSE CONTAINER ASSEMBLER AND REPAIRER: puts 300-gallon containers
together, places them in neighborhoods and repairs them; keeps track of supplies needed
to prepare/repair many types of containers; drives truck that spray-cleans the
containers.

SAFETY PROGRAM MANAGER: investigates accidents and injuries; prepares safety
program for employees.

DATA PROCESSOR: puts office data, job functions, etc. on computer.

SECRETARY: keeps records, types correspondence and other things for supervisors.

DISPOSAL: LANDFILL OPERATIONS

ADMINISTRATOR: oversees, develops and maintains the disposal site, therefore must
have engineering experience (i.e. drafting, construction, des.gn, etc.); is appointed by
county commissioners.

SUPERVISOR OF MAINTENANCE: takes care of grounds (lawn, landscape, etc.); in-
spects contract operations and incoming waste so that unacceptable waste (could include
hazardous materials or materials that can be recycled) are not taken to the f ll area.

OFFICE MANAGER/ACCOUNT CLERK: in charge of business functions, mon,..:y spent
and received; keeps track of who works at the company and how many hours eacf person
has worked each week; writes letters and answers questions from the public.

H$S !too INpartinent of Not o o firmoireor.
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13 CAREERS IN WASTE MANAGEMENT
JOBS TO BE DONE
INIIM11114

MANAGER: supervises disposal site and workers; makes sure that operations at the fill
area are done right; must have education and/or experience in engineering.

BULLDOZER OPERATOR: drives a tractor with a large, shovel-like blade on the front to
move earth to make room for waste dumped by collection trucks.

COMPACTOR OPERATOR: drives a tractor that compresses trash to save room at the
disposal site.

SCRAPER OPERATOR: drives a vehicle with a large bed for dirt; removes dirt from one
area and places it somewhere else.

GRADER OPERATOR: drives a machine with a long shovel to smooth out roads and land
areas leading into and out of the disposal site.

WATER TRUCK OPERATOR: drives a truck with a big rectangular 3,50Q gallon bed for
water (called a roll-off); used to wet the roads to control dust.

MAINTENANCE LABORER: maintains the area around the disposal site to make it safe
and healthy for the community; operates a sweeper tractor and dump truck to clean up
grounds.

MECHANIC: checks the heavy equipment to make sure that everything is working right
to prevent accidents; keeps track of the parts needed to fix the equipment; repairs
equipment.

SECRETARY: answers the phone and writes letters to answer questions; keeps the office
neat and running smoothly; helps pay the bills and keep track of money owed.

RECYCLING COLLECTION

MANAGER: keeps operations running smoothly; supervises employees and pay backs to
people bringing in items.

METALS BUYER: buys scrap metal (includes non-ferrous items such as aluminum, copper,
and brass) from industries, junk yards, etc.

OPERATOR/LABORER: takes cans and other materials from the people who bring in
these items; takes the collected materials to the hopper; operates the machines which
pack and bale the materials.

RECYCLING MANUFACTURING
(Example of a Glass Plant)

PLANT MANAGER: makes sure all operations are running smoothly at the plant, includ-
ing orders for materials, work operations and shipping of final product.

PERSONNEL OFFICER: maintains employee records, benefits, hiring and hours of labor;
conducts tours of the glass plant facility, providing a history and question and answer
period before and after the tour.

.1111=4111M....,
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CAREERS IN WASTE MANAGEMENT
JOBS TO BE DONE

MACHINE OPERATOR: runs machines that mold glass into bottle shapes; makes sure
machines are running properly, weighs and checks bottles at random about. every 1/2
hour to be sure they meet specifications.

MACHINE MAINTENANCE: in charge of major maintenance on machines; must go
through apprentice program for four years or 4000 hours due to the complexity of the
machinery and the importance of it running efficiently and safely.

BATCH FOREMAN: runs furnace; orders raw materials.

MOLD MAKERS: make specific molds, e.g. perfume bottle molds, to put on machines for
special jobs.

QUALITY INSPECTOR: cheeks each finished product under a light for defects in the
glass; checks each opening to be sure it is the proper size.

PACKAGE ASSEMBLER: assembles boxes to package final products which include a
variety of shapes of jars and bottles requiring different boxes.

FORKLIFT' OPERATOR: transports packaged item to the warehouse in preparation for
shipping.

WAREHOUSE WORKER: keeps track of inventory; in charge of shipping and receiving
materials.

LAW ENFORCEMENT

LAW ENFORCEMENT ASSISTANCE COORDINATOR: works with police depart-
ments to hire officers to enforce litter laws; provides information to the officers who have
the special assignment of litter enforcement.

LITTER LAW ENFORCEMENT OFFICER: enforces litter laws after special training; a
typical day includes talking with people who complain about litter, making sure people
don't dump their litter along the road or on someone else's property. They watch for
trucks that might lose materials because they are overloaded or uncovered. They find
out where, when, how, and who littered by taking samples of litter, writing reports, and
arresting the person when found.

ENVIRONMENTAL COURT JUDGE: listens to cases dealing with environmental is-
sues, including pollution, hazardous waste, and the transport of wastes; assigns fines
and/or punishment to those found guilty.

LAWYER: concerned with legal aspects of recycling wastes and ,...sposing of waste so that
those accused of breaking the law are defended until they are found guilty or innocent
before a judge; requires a lot of knowledge about law and the environment.

MISCELLANEOUS

WASTE SYSTEMS MANUFACTURER: makes and sells equipment which can be used at
recycling centers and at waste management facilities.

Q.)111158 Ohio Department a( Natural Resource&



1 CAREERS IN WASTE MANAGEMENT
JOBS TO BE DONE

CONSERVATION CONSULTANT: helps public/private agencies set up containment and
source separation systems as part of a solid waste management plan which includes
recycling.

P1'11LIC AWARENESS

WRITER/JOURNALIST: responsible for written and oral communication, including pres-
entations, writing letters to answer questions from the public, writing stories and arti-
cles about waste problems for publications.

PUBLIC RELATIONS SPECIALIST: coordinates special/public events about waste prob-
lems, recycling opportunities and litter cleanup campaigns; works with television and
radio stations to make public service announcements.

EDUCATION

EDUCATION SPECIALIST: develops activities/programs for teachers and schools to use
when teaching about the environment, ecology and waste problems in their community.

TEACHER: teaches children about, ecological and environmental is:sues by providing op-
portunities fO them to develop skills necessary to do all the jobs related to waste man-
agement listed on this handout.

t4h1, tly,, I hp.irtnwm ol tit RV
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Chapter 14

Machines to the Rescue
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THE GREAT CAN
CRUSHER CONTEST CHAPTER 14

l'N'11.:1011: DI Ai E

Objectives Students will be ablz! to: (1)
describe the type of simple machines and forces re-
quired to compact recyclable cans; (2) explain the
purpose of compacting materials. Students will im-
prove their abilities to manipulate materials with
tools and to solve mechanical problems.

Method Students cooperate in groups to (1c-
velop and implement plans to build a can crusher
from a variety of construction materials brought
into class. Machines an' tested and judged. Students
writes an evaluation of the procedure.

Duration: five to six class periods

Setting: classroom

Subjects: Science, Language Arts

Curriculum Reference: 1.6, 1.7

Special Note: This activity is compatible with initi-
ating a recycling drive for aluminum cans at your
school. The activity itself will draw attention to the
drive and the projects made will aid in the storage of
cans before they can he taken to a recycler.

Preparation Several weeks prior to
conducting this activity, have students begin bi ink -

ing in the following materials: rope, wire, hii.ges,
screws, nails, wood scraps, bricks, blocks; any type of
construction item on hand; the following tools if
these cannot be supplied at sch04,1: hammer, saw,
screwdri.-er, pliers, wire cutters, aluminum cans.
Head over the activity so you will gain a sense for
materials that may be useful and items which would
not. You may want to seek help in acquiring materi-
als, as well as guidance, from the industrial arts
teacher in your school or in a school close by within
the system. Parents or other community members
may be helpful for obtaining materials. For safety's
sake, you should have students construct their pro-
jects in a shop room (where tools may also be readily
available) and have parent volunteers or others on
hand to supervise. Also useful in this activity, for
Steps 2 and 5, are pictures of waste management
machines, particularly can crushers and compact-
ors, ..-711 can be found in the handout, Machines
and Systems, in the activity, CHANGING MAT-
TER IN ANALOGOUS WAYS. You may want to
have copies of these on hand for each group.

Vocabulary compaction, forces, process
sequence, simple machines, work

Handout ('an ('rusher Production
Method

Procedures
1. Organize the class into several groups. E.Ailain

how various simple and compound mac pines;
make work easier.

2. Show the students four clean empty aluninum
cans. Ask a volunteer to crush three of t,h, cans
with his or her foot. Then compare the space
taken up by three crushed cans with the space
taken up by the uncrushed can. Dime's how
compaction is important for home storage and
for recyclers (less storage space required, f,asier
and cheaper to ship). Discuss the work needed to
be done to crush a can. Show students the pic-
tures of can crushers on the handout, Machines
and Systems, in the activity, CHANGING
MATTER IN ANALOGOUS WAYS, found in
this chapter. Have students identify what is in-
volved. (Perhaps you could take a field trip to a

lefkM t)h3t. Departmilit of Nisturol Itmourl, wurce- Paul rurptat, liuntiugton Einit,titar} d'hiliaithr. Oh
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1 THE GREAT CAN CRUSHER CONTEST

recycling center and have the guide explain
what a can crusher or can crusher/baler does.)
Discuss the nature of simple and compound ma-
chines in your textbook and identify which ones
could be used to crush a can.

3. Examine materials brought into class. Give
each student in each group the handout, Can
Crusher Production Method. Allow time (per-
haps several days) for each group to work on
each stage of the process. They may think of
more materials (which can be brought in at a
later time) to help improve their machine once
the construction phase is begun. Make students
aware of the categories to be judged in regard to
their machines ("IV. Contest" on handout).

4. Hold contest and judge the entries.

5. Expand on the concept of machines and waste
by using the handout, Machines and Systems,
in the activity, CHANGING MATTER IN
ANALOGOUS WAYS. Put the following list on
the board: "Waste Collection," "Landfill Opera-
tion;' "Recycling Center," "Waste Incinerator."
Explain each subject briefly. Then, have situ-
dents identify on a sheet of paper, by name of
machine (designated on handout), which ma-
chines and systems are part of which of the four
categories listed. Following a discussion of an-
swers, have students identify simple and com-
pound parts of the machines, often by inference
based on what they think must be going on in-
side the machine. (For a brief description of
what each machine does, refer to the handout,
Systems of Organs and Machines. in the activ-
ity, CHANGING MATTER IN ANALOGOUS
WAYS. )

Evaluation Have students refer to the
outline handout, Can Crusher Production Method,
and write an evaluation of the entire process as they
experienced it in their groups, noting which steps
were easiest or hardest and explaining why. Also,
have students explain what types of forces (push,
pull, up, down) and structural elements make up the
functioning of their invention.

k
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THE GREAT CAN
CRUSHER CONTEST

CAN CRUSHER PRODUCTION METHOD

I)esii.irn Phase

A. Discuss different types of designs by thinking about simple machines or
combinations of machines which coald be made from the materials brought
to class.

B. Draw a rough sketch design of the machine which everyone in the group
can agree on. Make a list of items which are needed to make the machine.
Make sure these items emN hi, found at school or brought in from home.

C. Write an explanation of how the crusher works. Identify simple machines
(i.e. lever, pulley, screw) and the direction of forces.

II. Construction Phase

A. Draw and label the exact dimensions you want the can crusher to be,

B. List materials needed for crusher and tools needed for assembly.

C. Plan assembly order. (How do you put it together: in what, sequential
stages?)

I). Construct the crusher according to your design.

ill. Test Phase

A. Thst crusher and repair or redesign any flaws.

B. Write step by step instructions for using can crusher.

Contest

A. Design Award:

a. Novel Award (most inusual machine)
b. Complex Award (mr4chine made up of the most simple machines)

B. Efficiency Award: Takes least work (energy) to crush a can

19.$ Ohio I typo!' 1 Mr tot N41(kIr id Fit..4134tco-
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CHANGING MATTER
IN ANALOGOUS WAYS CRAFTER 14

1111111111111MIERMIIIIIIIMIll

Objectives Students will 1)-- able to: t I

identify recycling and waste management machines
and systems; (2) explain how this technology
changes waste materials. Students will improve
their abilities to make infrrences and analogies and
to conduct research.

Method Students, by using information
and pictures in health books and handout material,
make inferences about analogies between human
body organs/systems and waste management
machines/systems. They research analogies to con-
firm their inferences and to explain their a =nalogies
in further detail. They explain comparisons by writ-
ing descriptions and giving oral presentations.

Duration: four to six class periods

Setting: classroom

Subjects: Science. Language Arts

Curriculum Reference: 1 Ai, 1.7

Preparation Before beginning this ac-
tivity students shtild already have been rodueed

hasic cncepts of waste' management and recy-
cling. Doing related activities in Chapter 4 would he
helpful. ('heck the vocabulary words listed in this
activity and cover these ahead of time, or intrtiduce
them as yetl COIldhet the' exercises of this lesson.
Needed are: health textbtaks, reference sources.
writing materials.

Special Note: Yem may choose' to do this activity as
:m exercise related to waste' management. t ech nal-
ngy and leave' out the pacts which require students
to make analogies with human body systems. In this
case. Step :i is the most important.

Vocabulary analogy, collection, cin-
paction, containment. disposal, energy. incineration.
inference. landfill, leachate. magnetism, recovery,
recycling center. recycling plant. shred. sort, sys-
tems, work

Handouts systems of Organs and Ma-
chines; Machines and Systems

Procedures
1. Motivate students by asking them what hap-

pens to the food they eat and what happens to
the' yeltitainoes anti food they throw away. Dis-
cuss concepts related to digestion and excretion
anti concepts related to solid waste disposal.

2. Using health textbooks have students point out
the distinction between organs and systems in
t he h111111111 body.

3. Dave students divide' into groups. Give each
group a set of illustrations tfive pages) on the
handout, Machines and Systems. 13v sure stu-
dents understand the distinction bet Ween indi-
vidual maehines and systems of machines.
Then, have students identify which machines
on the' handout go with which systems (some
may be' related to more' than one system). This
multi be done by having each group cut out the
pictures of machines and systems rind paste
them as they relate' together on separate sheets
of paper. (Remember, in cases where a machine
can be used more than once. you will either
want to ha ve moro copies on hand or have stu-
dents wive the name of the machine with the
system for which they have' no additional pic-
ture.t To facilitate matching machines with sys-
tems, you may find it helpful to give each group
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CHANGING MATTER IN ANALOGOUS WAYS

the second part of the handout, Systems of Or-
gans and .Vaehines, which is titled -SOLID
WASTE SYSTEMS AND MACHINES." Here
the functions of the machines and systems are
explained. You will need to explain some terms
on this handout as students use it in this exer-
cise. After matching machines with systems,
have each group make a presentation of their
work. Have groups make corrections and then
put their displays on bulletin boards around the
room for use in the next step of the activity. (lb
sht -ten this exercise you could have each group
take a different system and identify machines
associated with it.)

4. Have students return to their seats. Give each
student a copy of the handout, Systems of Or.
gans and Machines. Go over the directions.

5. Give students time to look over the rest of the
information on the handout, look at pictures
on the bulletin boards and to compare with in-
&cynic n and pictures in their health books.
Then. in,- (. itudents write down their inferred
analosi, range for more research time to
conclue , Activity. Students may want to
make their Iwo pictures to illustrate analogies
related to specific movements or functions.

Evaluation Have each student write an
essay explaining comparisons and details of his or
her analogy and then explain the analogy orally to
the class.
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SYSTEMS OF ORGANS AND MACHINES
CHANGING MATTER14

IN ANALOGOUS WAYS

Directions: Below are examples of human body systems. On the next two pages of this
handout are descriptions of solid waste systems and machines (which match the illus-
trations on the handout, Machines and Systems). Use this information to identify a re-
lationship between a system or organ of the human body and a system or machine used
in waste management and recycling. State this relationship in the form of an analogy
in the space provided below (e.g. Digestive System is analogous to Burying Waste Sys-
tern). Make an inference as to why you think these two systems or organs and ma-
chines are analogous by explaining the relationship between the two. Then, using
your research skills, confirm your inference and find as many relationships as you can
between the two items you have chosen.

_ is analogous to

My inference as to why they are analogous is

EXAMPLES OF HUMAN BODY SYSTEMS

CIRCULATORY SYSTEM: A network of arteries, veins, capillaries and organs that carry
the blood throughout the human body.

DIGESTIVE SYSTEM: A group of organs that work together to perform the function of
breaking down food.

ENDOCRINE SYSTEM: A group of glands working together to secrete chemicals into the
body to allow for digestion, growth, development and chemical balance of the human
system.

MUSCULAR SYSTEM: A group of tissues that function in ways to allow for body
movement.

NERVOUS SYSTEM: A network ofnerves that receive information from the senses, trans-
mit this information to the brain by way of the spinal cord, and carry a response back to
the rest of the body when needed.

RESPIRATORY SYSTEM: A group of organs and body structures that work together to en-
able the body to breathe.

SKELETAL SYSTEM: A group of bones that work together to support the body tissues and
organs and to perform movement.

URINARY SYSTEM: A group of organs working together to rid the body of harmful
wastes.

1968 (Ihso Drpartoserst Naturat Kronur es
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1 CHANGING MATTER IN ANALOGOUS WAYS
SYSTEMS OF ORGANS AND MACiIINES

SOLID WASTE SYSTEMS AND MACHINES

Containers and Collectors

COLLECTION VEHICLE: A truck that holds waste collected from homes and businesses; it
is then used to haul the waste to a disposal place.

DUMPSTER: A large waste container for apartments, businesses and industries.

KNUCKLE BOOM LOADER: A machine that picks up waste from one source and puts it
lmewhere else: into another container or into a disposal or recycling system.

SOURCE SEPARATION COLLECTION VEHICLE: A truck that has separate compart-
ments for collecting recyclable materials such as glass bottles and jars, aluminum and
steel cans, newspapers and cardboard.

TRASH CAN A small container for members ofa household to put waste in before it is col-
lected for disposal.

Compactors

BALP,R FOR PAPER AND CARDBOARD: A large machine that compacts paper or card-
board into a bundle and wraps the bundle in wire.

CAN COMPACTOR: A machine found at recycling centers that smashes cans so they take
up less space when they are stored or shipped to a manufacturing plant.

CAN CRUSHER: A household device for smashing cans so they can be stored in less space
before they are taken to a recycling center.

EARTH COMPACTOR: A big machine with very heavy metal wheels that flattens waste to
save space at a landfill by repeatedly running over waste.

HYDRAULIC COMPACTOR: A device used in collection vehicles to smash waste into the
bed of the truck to make room for more waste.

Separators, Sorters and Shredders

ELECTROSTATIC PRECIPITATOR: A very large machine that uses electrical charges to
separate particles of matter from steam vapors which are created when trash is burned.
The clean vapors (gases) then go up a smoke stack while the particles of matter are col-
lected in large buckets.

HYDRAPULPER: A paper recycling machine with a huge tank. In the tank, staples and
other tiny objects are separated from recycled paper as the paper is whirled around and
mixed with wood pulp and water to be prepared for making new paper.

'1910 Ohm Department of Natural Ref:flurry%
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SYSTEMS OF ORGANS AND MACHINES

CHANGING MATTER 14
IN ANALOGOUS WAYS

MAGNETIC SEPARATOR: A machine found at recycling centers which separates alumi-
num cans from steel cans using a magnetic belt.

SHREDDER: A machine that tears up cans (or other waste material) into small pieces so
they will be easier to recycle.

Disposal Systems

BURNING WASTE: A large furnace or series of furnaces called a refuse incinerator is used
to burn waste materials. There is a place for the refuse to be dumped; it travels along belts
to the furnace where it burns, creating gas vapors and smoke. These vapors rise to go
through a filtering device such as an electrostatic precipitator and then go up a smoke
stack. Ashes and other residues are collected to be taken to a landfill.

BURYING WASTE. " --vte area of land called a landfill is cleared so that trash can be com-
pacted and burl' .irt each day. Landfills also have some type of liner, either clay or
plastic, undergrc. aeneath the trash so that a harmful waste liquid (leachate) does not
leak into ground water supplies.

Recovery Systems

MATERIALS RECOVERY: A recycling system that begins with the collection of materials,
such as aluminum cans or glass bottles. These are separated from other materials or
sorted by color. Then, aluminum is shredded or glass is crushed into small pieces. The ma-
terial is sent to a recycling plant where it is transformed, in the case of aluminum or
glass, into a liquid (by heat) which is then poured into molds. Aluminum molds cool and
the aluminum ingot is used to make new cans at a can making plant. Glass is poured into
a mold that gives it the shape of a bottle which then cools into a hard form.

ENERGY RECOVERY: A method of burning waste 1.3 obtain energy. It includes collecting
waste materials and removing materials that do not burn easily. As the combustible
waste is burned in a furnace, the hot gases generated are used to raise the temperature of
water inside a large tank until steam is generated. This steam is then used directly for
heat or is run through a turbine to produce electricity. As in all refuse incinerators, ashes
and residues are left over which must be taken to a landfill. Also, particles of waste in the
hot gases which heat the water tank must be filtered by an electrostatic precipitator or
other device. This makes the gas safe to go up a smoke stack and into the environment.

INS Ohs*, Depurtmvnt d Nsturn1 Reoffurces.
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1 CHANGING MATTER IN ANALOGOUS WAYS
MACHINES AND SYSTEMS

CONTAINERS AND COLLECTORS

KNUCKLE BOOM LOADER

COLLECTION VEHICLE

SOURCE
SEPARATION
COLLECTION VEHICLE

DUMPSTER

TRASH CAN
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CHANGING MATTER IN ANALOGOUS WAYS
MACHINES AND SYSTEMS

CAN
CRUSHER

COMPACTORS

BALER FOR PAPER AND CARDBOARD

CAN
COMPACTOR

HYDRAULIC
COMPACTOR
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EARTH COMPACTOR
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14 CHANGING MATTER IN ANALOGOUS WAYS
MACHINES AND SYSTEMS

SEPARATORS, SORTERS AND SHREDDERS
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CHANGING MATTER IN ANALOGOUS WAYS
MACHINES AND SYSTEMS
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RECYCLING SYSTEMS
MAKE SENSE Cli; %PITH 14

\ rilis.111.V1 I.

Objectives Students will be able to: (1)
identify technological processes necessary to recycle
materials; (2) infer the process order in which ma-
chines work in a system to change waste material
into reusable material. Students will improve expus-
itory writing skills.

Method Students observe pictures of three
systems of recycling machines (for metal, glass and
wiper) and interpret how the machines change the
property of objects. They describe in process order
how machines work as a system by writing detailed
sentences that support a main idea sentence about a
recycling system. They construct paragraphs.

Ar

Duration: seven to nine class periods

Setting: classroom

Subjects: Science, Language Art;

Curriculum Reference: 1.6, 1.7

Preparation Students need writing
materials and a basic understanding of descriptive
sentences and the structure of a paragraph. Go over
vocabulary words before beginning.

Vocabulary ferrous metal, machines,
nonferrous metal, recycling, system. technology

Handouts Car-Body Shredding Ma-
chines; Car Skredding Plant; Bottle Making Ma-
chines; A Glass Factory; Paper Making Machines; A
Paper Mill; nacher Information

Procedures
1. The first activity is a whole group activity. Pass

out the illustration handout, Car-Body Shred-
ding Machines, to each student along with the
worksheet., Car Shredding Plant. Discuss in-
structions on the worksheet and allow the stu-
dents time to complete and write down
sentences to explain each picture. Before contin-
uing the activity, you may want to refer to the
nacher Information where the correct order
and explanations of the pictures are presented.
Using the blackboard, ask students what ma-
chine picture they put first or which one should
be first. 'I hen ask for a sentence description of
what that machine process does. Do the same
until you have written sentences for each step
based on consensus of the class. Then ask stu-
dents to come up with a main idea sentence and
a concluding sentence. As a final exercise, have
students copy the sentences from the board in
paragraph form. Stress correcting errors during
writing and importance of clarity in their
descriptions.

2. In the second activity, have students break into
groups of three. Pass out the illustration hand-
out, Bottle Making Machines, and the work-
sheet, A Glass Factory, and review the
directions. Students should work in groups qui-
etly to discuss what they think the correct order
and explanations of the system of pictures
might be. They follow the same procedure as be-
fore, writing their ideas down, deciding the cor-
rect order, and writing a rough draft paragraph
with main idea and concluding sentences. The
final draft is written by each student and turned
in to the teacher. Hold a sharing time to com-
pare group answers. Go over correct answers
based on the Teacher Information so students
know the actual order and function of each of
the machines pictured. If their descriptions dif-
fer from the correct descriptions, have them de-
fend their answers and give them positive
feedback for logical explanations.
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1 RECYCLING SYSTEMS MAKE SENSE

3. The final activity is individual. Pass out the il-
lustration handout. Paper Making Machines,
and the worksheet, A Paper Mill, to each stu-
dent. Discuss the instructions and let students
complete the worksheet, mugh draft and final
draft. The students should be pretty good by
now at getting their ideas down on paper. Stress
that the final draft, should make good sense and
he error free. Finally, include a sharing time
and present correct order and picture explana-
t ion as done before.

NOTE: Students may want to use more than
one sentence to describe what is happening in
some of the pictures.

Evaluation If possible, take students to
your local recycling center on an expository writing
expedition field trip. Have them identify from "drop--
dr to "shipping out" the process used to prepare
one or more recyclable items (glass, aluminum, pa-
per, etc.) for shipment to a recycling manufacturer.
They should take notes of what they see and upon re-
turning to class write descriptive paragraphs, in
process order, about the preparation of recyclables.
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1 RECYCLING SYSTEMS MAKE SENSE
CAR SHREDDING PLANT

Directions: Look at the pictures on the handout, Car-Body Shredding Machines. These machines make
up a system that changes old car bodies into small pieces of shredded metal. These pieces of shredded
metal contain a lot of dirt. Also, there are pieces of fl?rrous metal and pieces of nonferrous metal that
must be separated before they can be shipped to different recycling plants to be used to make new met-
als. Flace the pictures in the correct process order, and write a sentence to describe what is happening in
each picture. Remember, even though you do not know exactly what is happening, try to guess. Put the
letter of each picture beside the Step number you think it corresponds with in a process order. Then
write a sentence describing what you think is happening in the picture.

Step 1 (Picture letter

Step 2 (Picture] letter

Step 3 (Picture letter

Step 4 (Picture' letter

Step 5 (Picture letter
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RECYCLING SYSTEMS MAKE SENSE
BOTTLE MAKING MACHINES
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RECYCLING SYSTEMS MAKE SENSE
A GLASS FACTORY

Directions: Look at the j .:cures on the handout, Dottie Making Machines. These machines make up a
system that changes recycled glass bottles and jars into new bottles and jars. Place the pictures in the
correct process order, an write a sentence to describe what is happening in each picture. Remember,
even though you do not know exactly what is happening, try to guess. Put the letter of each picture be-
side the Step number you think it corresponds with in a process order. Then write sentences describing
what ;s happening in each picture. Using these sentences write a paragraph adding a main idea sen-
tence and a concluding sentence. Correct spelling and grammar errors. Rewrite a final draft.

Step 1 (Picture letter

Step 2 (Picture letter )

Step 3 (Picture letter )

Step 4 (Picture letter

Step 5 (Picture letter

Step 6 (Picture letter
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1 RECYCLING SYSTEMS MAKE SENSE
A PAPER MILL

Directions: Look at the pictures on the handout, Paper Making Machines. These machines make up a
system that changes recycled cardboard into new paper for use in making new cardboard boxes. Place
the pictures in the correct process order, and write a sentence to describe what is happening in each pic-
ture. Remember, even though you do not know exactly what is happening, try to guess. Put the letter of
each picture beside the Step number you think it corresponds with in a process order. Then write sen-
tences describing what is happening in each picture. Work by yourself to decide what to write. Using the
sentences you have written, write a paragraph adding a main idea sentence and a concluding sentence.
Correct spelling and grammar errors. Rewrite a final draft.

Step I (Picture letter

Step 2 (Picture letter )

Step 3 (Picture letter )

Step 4 tPicture letter )

Step 5 (Picture letter
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TEACHER INFORMATION
RECYCLING SYSTEMS MAKE SENSE 14

This information contains explanations of the recycling machines in each recycling system. The cor-
rect order and explanations are listed below under the title of each system.

CAR SHREDDING PLANT

STEP 1: (Picture D) Car bodies are shipped to the car shredding facility on a large flatbed truck.
(Most reusable parts, such as engine parts, batteries and tires, have been stripped from the bodies.)
Sometimes the cars arrive already flattened. A large crane lifts the car bodies off the truck.

STEP 2: (Picture B) The crane lifts the car bodies into a giant machine where the cars are com-
pressed and shredded into tiny pieces.

STEP 3: (Picture C) Small pieces of metal come out of the giant shredder and fall onto a conveyor
belt. As the belt moves, foam rubber, cloth and dirt are sucked away from the metal pieces by a big
vacuum.

STEP 4: (Picture E) The metal scrap continues up another belt to a magnetic separator. Here non-
ferrous metal scrap (aluminum, copper, brass) drops onto another belt which lifts these metals up to
a separate pile.

STEP 5: (Picture A) The ferrous pieces that stay on the magnetized belt are dropped onto another
long belt which drops these pieces onto a big pile.

A GLASS FACTORY

STEP I: (Picture D) Recycled glass is brought in from the community to a drop off point or hauled
in by trucks from different sources. Additional raw materials needed to produce recycled glass, such
as soda ash and sand, are brought in by truck and train.

STEP 2 (Picture A) Raw materials and recycled glass millet (crushed pieces of glass) are mixed into
a batch and stored in cylinders in the furnace feeding area. Hot furnaces melt the batch into molten
glass at an average temperature of 2700°F.

STEP 3: (Picture B) From the furnace, the molten glass flows through an orifice and is cut into a
glob. The glob of hot glass drops into preforming molds, then into a blow mold where glass contain-
ers are given final shape.

STEP 4: (Picture F) Glass containers move on a conveyor belt from the molding machine to an oven
(called a "lehr") where the glass is strengthener] as temperatures are raised and lowered slowly in
order to anneal the glass.

STEP 5: (Picture E) Bottles are inspected and tested. Bottles are visually inspected with bright
lights. Special electronic machines take pictures of each bottle to identify defects such as tiny bub-
bles or chipped glass. Each bottle is also squeeze tested with others at one time.

STEP 6: (Picture C) Workers make a final inspection of the bottles and package them intocartons
that are sent to the shipping warehouse.

01988 Ohio Depart awn of Natural lirsourcre
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RECYCLING SYSTEMS MAHE SENSE14
TEACHER INFORMATION (cont.)

A PAPER MILL

STEP 1: (Picture C) Recycled paper or cardboard is stored in bales until needed. The scrap in this
example is recycled corrugated cardboard containers. The scrap is placed in a large tank called a hy-
drapulper where it is made into pulp by agitation with water.

STEP 2: (Picture B) Wood chip pulp and some chemicals are m .ed with the recycled paper pulp in a
large tank and pumped into double disk refiners to obtain fiber length and necessary quality.

STEP 3: (Picture A) The Fouldrinier machine is next. In this machine wet pulp flows out of the
headbox onto a moving screen. The screen with pulp runs across a large surface area and down
through rollers beneath the machine. The sheet of paper is formed continuously on the screen as wa-
ter is drained from the pulp through the wire.

STEP 4: (Picture D) The wet paper is transferred from the screen onto a belt which carries the sheet
through two presses. The presses remove water from the newly formed paper by means of pressure.
The drying process continues as the paper is next sent through a series of seventy-two dryers. These
dryers are steam heated cylinders that evaporate water from the paper sheet as it rolls over them.
The paper is wound on rolls as it exits from the dryers.

STEP 5: (Picture E) The dried paper is then rewound on a rewinder. This big roll on the rewinder is
moved to a cutter where the roll of paper is cut to exact specifications. As it is cut, the paper is re-
wound on a final roll ready for shipping.
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Chapter 15

Citizens to the Rescue
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RULING OUT LITTER CHAPTER 15

PRIM.MY IN 1E101E1)1A FE

Objectives Students will be able to: (I )
identify and explain the purpose of rules and sanc-
tions against littering; (2) make rules and sanctions
to prevent. littering by choosing from alternatives.
Students will improve their abilities to cooperate
with others and to solve problems.

Method Following a discussion of rules and
sanctions and of litter litws in Ohio, the students in-
vestigate and collect information about littering
habits in their own classroom and school. They es-
tablish model community councils to vote on rules
and sanctions fin the class to abi,le by the rest of the
school year. Students write about their feelings and
construct an illustrated booklet about their class-
room litter laws and sanctions.

Duration: initially, four to five class periods
followed by yearlong participation
at selected times

Setting: classroom, school

Subjects: Social Studies, Language Arts, Art

Curriculum Reference: 7.2, 8.2

Preparation writing r,,aterials

Vocabulary community council, law,
litter, rule, sanction

Handouts Classroom Litter; School 11`.
ter; littering In (Mw

Procedures
1. Make plans for your classroom to become a lit-

tered neighborhood for three days to one week.
During this time waste items (that are not a
health hazard) are not to be deposited in con-
tainers but rather left on the floor or around the
room. Following the period of littering, record
data by using the handout, Classroom Litter.
Discuss answers and have a cleanup party. Then
have students identify places in or around the
school where litter exists by filling out the
handout., School Litter.

2. Explain to students, and discuss the need for,
rules and sanctions at home, at school and in the
community. Identify the need for rules and sanc-
tions about littering. Read the following pas-
sage to students.

Under Ohio law, litter is any kind of
trash thrown or dropped by a person on
public property, or on private property
not owned by the person, or in the
state's waterways,
Discuss illegal dumping as a serious form of lit-
tering that can be harmful to human health. Ex
plain that littering is punishable by as much as
a $560 fine and/or sixty days in jail and that
some forms of illegal dumping can be punish-
able by harsher jail sentences and steeper fines.
Have students complete the handout, Littering
In Ohio, and discuss. This handout could also be
used in pre- and post- test fashion.

3. Discuss with students how communities make
ordinances and states make laws to prevent lit-
tering. Litter ordinances and laws are really
rules given formal sanctions. Tell students that
rules are also needed in classrooms and that by
setting up a model community in the classroom,
classroom rules can be made democratically and
enforced.

4. Create a model classroom community to make
and pass rules and sanctions about littering. Be-
low are some suggestions.

01988 Ohio Department of Natural firornirrna: strum-. in Parka-7, Smith Middle School Wantleilia, Ohr. Rusnhr Spriwrr, Erna Elementary IF.nst Liverrinol. Obi and Marilee King. Olive
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15 RULING OUT LITTER

a. Establish one Classroom Community Coun-
cil and various Classroom Neighborhood
Councils to submit proposals to the Commu-
nity Council. The Community Council could
be created by classroom nominations and
voting to choose five students to make up the
council. The rest of the class could be divided
into Neighborhood Councils associated with
various places in the classroom (learning
center, lockers) and school (library, lunch-
room, gym, playground, etc.). Allow students
to choose which neighborhood councils they
want to be on, but limit the numbers for each
neighborhood council based on size of neigh-
borhood and potential to be littered (i.e. the
locker area in the classroom could be limited
to three students, while the playground
might have five students). You may also
wish only to create neighborhoods within
the classroom to simplify procedures which
follow.

b. Have each Neighborhood Council recom-
mend (after meeting in groups) some rules
and sanctions for classroom (and school) lit-
tering behaviors based on the neighborhood
area (in the classroom or school) which each
represents. The handouts completed in Step
1 above should give students ideas regarding
what type of litter problems exist in their ar-
eas. Some examples of rules might be the fol-
lowing:

When cutting paper during art projects, put
reusable pieces in the `61 rt scrap box."
When a task is completed at a learning cen-
ter, put all items in the proper place.
Put trash found on tlic floor into the waste
basket.

Some examples of sanctions for these rules
might be the following:

Lose the privilege to participate in one art
project. (Council chooses which project.)
Lose a privilege to work at a learning center
for one day.
Lose five minutes of recess.

c. The Community Council should then meet
to consider which of the rules should be
adopted and hold a classroom vote on each.

d. The Community Council may want to select
from volunteers three or four students to en-
force the laws.

e. Remember to reinforce the implications of
this activity: that students will have to abide
by these rules for the entire year. (Unless
they decide to petition for amendment or to
make updates.)

f. Construct a litter chart to record trash on
the loose in the classroom for the remainder
of the school year, along with infractions and
sanctions.

Evaluation Have students write about
their positive and negative feelings concerning the
rule-making experience. Their work can be consoli-
dated in a class booklet with illustrations that high-
light the rules and sanctions they created.



CLASSROOM LITTER
RULING OUT LITTER 15

Directions: List litter found in the following places and answer the questions below.

DESK LOCKER AREA

SHELVES OTHER PLACES (Describe Place & Litter)

1. How did you feel working in a littered classroom?

2. What would happen if we kept littering our classroom?
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15 RULING OUT LITTER
SCHOOL LITTER

Directions: List litter found in the following places.

PLAYGROUND LUNCHROOM

HALLWAYS OTHER PLACES (Describe Place 8z Litter)
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RULING OUT LITTER
LITTERING IN 01110

Directions: Circle the letter of the correct answer/answers to each question.

1. Under Ohio law, litter is:

a. a rose bush in a yard.

b. a pop can thrown in Mrs. Greene's yard by Bobby French.

c. a chair falling from a pick-up truck.

d. trash can in a park.

e. tires in a river.

f. a bird br Lh in a yard.

g. a broken doll in a creek.

2. Name three other examples of. littering.

a.

b.

c.

3. Does a person break tho law when he/she litters?

a. yes b. no
4. If a police officer sees a person littering, can that person be arrested?

a. yes b. no
5. When a person is caught littering they may have to:

a. promise not to litter again.

b. pick up the litter.
c. pay a fine.

d. spend time in jail.

6. What can happen to people that dump waste where it i.. not to be dumped?

a. lose their driver's license.

b. pay a fine.

c. spend time in jail.
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IT HAS TO BE DEALT WITH CHAPTER 15

Objectives Students will be able to: (1)
identify facilities for waste management that are re-
quired to meet a community's needs; (2) suggest al-
ternatives for waste disposal, Students will improve
their abilities to plan and solve problems.

Method Students design model cities based
on a listing of needs. Waste management issues are
discussed and waste management plans adopted for
a model city, with students designing plans in
groups.

Duration: seven to eight, class periods

Setting: classroom

Subjects: Social Studies, Arts & Crafts

Curriculum Reference: 5.1, 8.2

Preparation Depending on choice for
designing a model city you may need: a. pencils, rul-
ers, construction paper, crayons or markers, glue
and a large mural size sheet of paper; or, b. throw-
away, cleaned items such as milk cartons (various
sizes, but 1/2 pint to 1 quart sizes work best), Styro-
foam cups, popsicle sticks, match boxes and

other items that could be used to construct buildings
for scale model communities.

Vocabulary smit, model, solid waste
management planning

Procedures
1. Divide the class into small groups. Have each

group make a list of all the necessary and im-
portant places that are usually found in a typi-
cal city (homes, schools, stores, shopping malls,
hospitals, offices, factories, parks, etc.). When
lists have been compiled start with one group's
answers and list on the board. Ask other groups
what can be added to this list. Do not prompt
students to think of waste management. con-
cerns, hut. if groups have listed places in
with waste management put these in a separate
column. Solid waste management concerns
could include the following: garbage collection
vehicle garage, landfill, incineration plant. re-
cycling collection centers, waste transfer sta-
tion, etc.

2. Based on the class listing now on the hoard, ex-
cluding the waste management concerns, have
each group design a model city by either: a. de-
sigmiting where various places could be on a
large mural size sheet of paper, adding colors
itnd construction paper cutouts for buildings
and roads; or h. constructing a model comma.
nity using items listed in "b" in Preparation
description above.

3. After model cities have been designed ask stu-
dents what all of these places have in common.
They generate waste. Discuss the need for waste
management and make a list of places asso-
ciated with waste management if the concern
had not been previously mentioned, or add to
list of places students have already mentioned.

4. Each group can now use the list :if waste man-
agement concerns to design a waste manage-
ment program for their mode! comenanity. After
doing so, have each group defend their plan
while the others try to notice shortcomings of
the plan. Did the group choose to have an incin-
erator to lessen the need for landfills but risk
air pollution? Why was a landfill sited where it
was? Have recycling collection centers been
created? Perhaps neighborhood source separa-
tion programs have been established. Are recy-
cling centers in convenient places? There are
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15 IT HAS TO BE DEALT WITH

many variables to discuss. You might have a
prize for the most comprehensive waste man-
agement design or scale model (meaning the
group that considered the most concerns related
to the subject of waste management).

Evaluation Put a map of your county on
the bulletin board identifying undeveloped areas
outlined by a colored marker Also, designate where

waste management facilit,es of all types are located,
including recycling centers. Have students decide
where the best place would be to establish either a
landfill and/or an incinerator. Hive them justify
their answers. Then have them decide where the
worst place would be to establish either a landfill
and/or incinerator and justify their answers. Do the
same exercise in regard to the establishment of a re-
cycling center.
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YOU HAVE A VOICE CHAPTER 15

Objectives Students will be able to iden-
tify and explain conflicting viewpoints regardiism the
use of community hind for purposes of waste man-
agement. Students will improve their ability to a rrulr
era le in groups.

Method Student.: choose characters. from
descriptions on a handoat, to role-play at a town
council meeting. They rifer the viewpoint of their
character regarding a variety of land use issues and
express views in a group t-:etting ttown council meet
ing). They analyze alternatives an4 positive' and neg
ative consequences. WI' write newspaper articles
about the town council moeting.

Duration: fillir to five class periods

Setting: classrtmin

Subjects: Social Studit' Language Arts

Curriculum Reference: 6.1, 7.1. S.2

Preparation In this activity you may
wish to reproduce the wheel (in the handout, Whet/
of Mote ifxques) on the board or construct a large
class wheel from tagboard or poster board. Students
may wish to research their characters by inter-

viewing community otTicials or reading material
from the local library before role-playing.

Vocabulary community council, haz-
ardous waste, landfill, land use, recycling center,
waste management

Handouts Characters and Conflicts;
Wheel of Waste Issue %

Procedures
1. Motivate students with a discussion of the ques-

tions that follow: What have you observed about
vacant land in your neighborhood or commu-
nity? What do you consider the ideal use for va-
cant land in your neighborhood or community?
As you discuss these questions make sure stu-
dents understand the meaning of the vocabu-
lary words listed above.

2. Using the role-play wheel discuss the different
characters and have students infer from the de-
scription what that person might feel toward a
possible suggested use of 150 acres of vacant
community land. Pick one of the muffle& not di-
rectly associated with waste problems for this
initial introduction to the activity.

3. Have students divide into groups where each
student will lx,come a character at a town coun-
cil meeting to present his/her views On what Ix/
she' feels about one of t he conflicts presented.
lJse honchos', Characters and Conflicts, to help
students. Students will prepare a character and
part icipate ia the town meetiiu

. The wheel is designed to li used in many ways.
The chart can be used to ,tortray each c1iartieter
in different situations so you might have each
group choose' a differerst situation. Or, students
could role-play characters responding to several
situations. The wheel could also be used in writ-
ing an individual story about the characters and
what heishe iaight feel about any of the con-
flicts. Be creative!

Evaluation As each group holds their
town council meeting. have students in the other
groups write a newspaper article (or general descrip-
tion) about the town tneeting, including views of var.
rotas officials and whether the conflict was resolved,
etc. Prompt students to find newspaper articles
about issues like those role-played and bring these
to class to discuss.
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15 YOU HAVE A VOICE
CHARACTERS AND CONFLICTS

Directions: Fill this form out before you attend the town council meeting. Try to find facts in newspaper
articles or news reports that might, help prove your point. Maybe some things you have studied in books
could help you.

MY CHARACTER FOR THE TOWN MEETING IS:

THE CONFLICT MY GROUP HAS CHOSEN IS WRITTEN IN THE SPACE BELOW:

THIS IS HOW I THINK MY CHARACTER WOULD FEEL ABOUT THE ABOVE CONFLICT, AND I IN-
TEND TO MAKE IT KNOWN AT THE TOWN MEETING THAT I FEEL STRONGLY ABOUT IT. I HAVE
LISTED THE REASONS I FEEL THAT WAY IN THE SPACE BELOW,

376
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YOU HAVE A VOICE
WHEEL OF WASTE ISSUES

MAYOR
Aggressive politician who likes a happy, clean

town. lo up for reelection next year.

CHARACTERS

Site of 150 acres of land being
considered for hazardous waste

storage.

1.+

CHARACTERS

BRAD

HOLE

UT OUT

CONFLICTS

TOWN MEETING

SETTING

CITY HALL

xand mats Joi purl Jo
fia.1313 091 quo* luoialandon 1.a

llUPuul alnln.1-10.1.4"1!5 11UP11111 puij 3Fr'll
IIARNI9P113 NCH,LVIINNS

CONFLIC fS
OUT OUT

4110
OUT OUT

SETTING

Make three copies of the wheel. Cut out each section as indicated. Fasten together on tagboard with wire brad.
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FISHY FISH CHAPTER 15

IMMEDEZZOMMEM
Objectives Students will be able to: (1)
hypothesize about the possible causes and sources of
water pollution in a community. Students will im
prove their abilities to cooperate in groups and to
solve problems.

Method Students use a variety of informa-
tion on handouts to identify sy mptoms of water pol-
lution, possible environmental causes and
community sources of water pollution. They cooper-
ate in investigation teams to present a report about
specific pollution problems identified on a map of a
model community.

Duration: eight to nine class periods

Setting: classroom

Subjects: Science, Social Studies

Curriculum Reference: 3.2, 4.2, 5.1, 8.2

Preparation writing materials and ref-
erence sources

Vocabulary environmental investigl,
tion, improper waste disposal, water pollution,

proper waste disposal, town council; special words
on handout, Possible Community Sources of Pollu-
tion: consumer waste, detergent, fertilizer, hazard-
ous waste, heavy metals, herbicide, leachate, oil,
organic waste, pesticides, phosphorous

Handouts Fishville; Observations of
Concerned Citizens of Fishville: Possible Causes of
Observable Signs of Pollution; Possible Community
Sources of Pollution

Special Note: The examples of pollution in this ac-
tivity happened frequently prior to our awareness,
in the late 1960's and 1970's, of the threat to the en-
vironment posed by these forms of pollution. Withir
the last twenty years local and state governments
and the national government, in conjunction with
businesses Ind industries, have taken measures
including the treatment of wastes, careful disposal,
regulations and enforcement to considerably re-
duce the chances that the possible sources of pollu-
tion identified in this uctivity will be conduits for
harmful wastes to enter the environment. However,
accidents happen and examples of negligence and
willful illegal dumping of hazardous materials still
take place.

Procedures
1. Have the class divide into group and give each

group a copy of the map of Fishville. Each
group is to represent an environmental investi-
gation team appointed by the town council of
Fishville.

2. Give each grout the handout, Observations of
Concerned Citizens of Fishville. Clarify the di-
rections, have students complete the handout
and then discuss the words each group has iden-
tified. Refer to answer key for answers and have
each group make corrections accordingly.

3. Each investigation team must research and pre-
pare a report for the town council identifying
possible causes of the pollution which have been
observed and possible sources of this pollution
in the community. To help teams identify possi-
ble causes and sources give them the handouts,
Possible Causes of Observable Signs of Pollu-
tion and Possible Community Sources of Pollu-
tion. These two handouts, used in conjunction
with the map and the handout, Observations Of
Concerned Citizens, provide much, but not all,
the information necessary to identify the possi-
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1 FISHY FISH

ble causes and sources of pollution in each let-
tered area on the map. For example, by using
the handouts, the following explanation for lo-
cation "A" could be given:

Foam (in Observations of Concerned Citi-
zens handout) can be caused by soap and de-
tergents (see Possible Causes handout),
which may be coming from the car wash (see
Possible Community Sources). The strange
odors may be caused by organic waste which
could be coming from the sewage treatment
plant; also dead fish from the fishing pier
may cause the odor. The water may be discol-
ored because of rust or paint chipping off the
pier, or it could be discolored from organic
waste which could be coming from the sew-
age treatment plant, or from car rust which
could be coming from the car wash.

Make sure as students write their descriptions
that they indicate the hypothetical nature of
their claims, which require further investiga-
tion. Words such as could might, may be, possi-
ble. 'etc. are important in this situation. After
giving the above example for location "A" to
students, you may wish to assign each group a
particular pollution spot (or spots) to investi-
gate: "B," "C," "G," "H," etc.

Note: Before students begin this exercise or as
they proceed with it, they will need to learn the
definitions of certain words. The following
words found in the handout, Possible Commu-
nity Sources of Pollution, are very important
for students to understand: organic waste, con-
sumer waste, toxic waste, detergent, phospho-
r'us, feces, heavy metals, pesticide and
fertilizer. Either define these with the class be-
fore beginning this exercise, or have reference
materials on hand for them to use to look up the
words on their own.

4. In their report, each group could use reference
materials to suggest possible reasons why a pos-
sible community source of pollution might be
causing the pollution described. This means in-
vestigating (researching) the types of waste gen-
erated by "COMMUNITY CONCERNS" listed
on the handout, Possible Community Sources of
Pollution. This also means investigating what
the proper methods of waste disposal are for
these residences, businesses, industries, farms,
etc. and why problems sometimes arise which

result in improper disposal by these concerns.
(Remember that most residential waste and
much waste from business and industry is dis-
posed of in landfills. Therefore, an improperly
run landfill, could be a conduit for, say house-
hold, industrial and hospital wastes to pollute
an area not in the region where they are lo-
cated.)

5. Research conducted in Step 4 above could also
be used w indicate, in the case of the COMMU-
NITY CONCERNS, which sources are the most
likely to be contributing to a particular form of
pollution and which are least likely to be con-
tributors.

6. Have each group give their report to the class.
NOTE: The pollution problem designated by the
letter "G" can be traced back to many sources
and/or to a very harmful, serious source of pollu-
tion which can affect human health by causing
birth deformities and cancer. This is the group
of pollutants described as heavy metals. (On the
map their source would most likely be the
"Abandoned Industrial Plant.") The hypothesis
which describes how this and other types of pol-
lution can take a while to have harmful effects
on human health can be described as follows:

Through the food chain, fish can absorb and
retain harmful chemicals in their bodies. If
people eat fish contaminated by this form of
pollution, then these harmful chemicals can
affect human health.

Given the special significance of "G" you may
wish to exclude "0" from initial consideration
by the investigation groups, and have all groups
make reports about "G" in a second phase of the
activity. ("G" could also serve as an evaluation
exercise.)

7. After all reports have been made have each
group rank order the pollution cases, "A"
through "J," from the case which they feel has
the potential to be the least harmful to life, to
that which they feel has the potential to be the
most harmful to life. Have them present reason-
ing for their choices.

Evaluation Have students list ten ways
in which our waterways can become polluted if
waste is not disposed of properly. Have students go
to the library and find three articles in newsi?apers
and/or magazines representing three different ex-
amples from this list.
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15 FISHY FISH
OBSERVATIONS OF CONCERNED CITIZENS OF FISRVILLE

Directions: Your group role as an environmental investigation team is to find out more
about, the observations below which have been reported to the town council by citizens
of Fishville. First, you need to identify key words in the report that indicate forms of
pollution. So underline the key words in each of the ten location descriptions that arc
signs of pollution which can be seen, or felt, or smelled.

In Location A there is fbam along the shore line and there are strange odors. Water along
the shore is discolored by a cloudy grey tint.

In Location B there is litter: cans, bottles and plastic bags in the water near the beach.

In location C no fish have been caught or seen near this stream. There is a slight discol-
oration of the water 'Ind an over abundance of sand at this point irA the stream.

In Location I) algae are increasing on the water and rocks and few fish are caught any-
more.

In Location E some fish with tumors have been caught.

In location F there is a visible sheen (film) on the water that reflects different colors as
the sunlight, shines on it.

In location some fish with tumors have been found floating dead in the water.

In Location H the water is discolored and has a strange odor.

In location I the water is muddy-brown looking and algae is forming.

In location J the water is warmer here than upstream or downstream.
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FISHY FISH 15
POSSIBLE CAUSES OF OBSERVABLE SIGNS OF POLLUTION

FOAM can be caused by soap or detergent which often contains phosphorous.

ODOR can be caused by organic waste such as feces, decaying food, urine.

DISCOLORATION can be caused by organic waste such as decaying food and feces and
from dyes, paints, rust and many other things.

LITTER caused by human beings failing to put waste in a container.

NO FISH OR DEAD FISH toxic substances can keep fish from reproducing and from liv-
ing by killing smaller fish and other organisms they feed on.

FEW FISH something may be changing fishes ability to eat, breath or reproduce, so they
move somewhere else.

SAND used by industries to mix with heavy metals for the disposal of these metals.

ALGAE growth is aided by decomposition of organic waste: food, feces, and by fertilizers.
Algae growing rapidly use up so much oxygen in the water that fish do not get enough ox-
ygen to live there.

VISIBLE SHEEN can be produced by oil which floats on water.

TUMORS could be caused by ingesting (eating) animals or plants that have absorbed
toxic chemicals.

MUDDY WATER can be caused by soil and dirt from land washed into the water by rains.

WARM WATER can be caused by warmer water entering the river from a particular
source.
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1 FISHY FISH
POSSIBLE COMMUNITY SOURCES OF POLLUTION

COMMUNITY CONCERNS TYPES OF WASTE PRODUCED

BOATING & FISHING: Oil, consumer waste

BUSINESS DISTRICT: Organic waste, consumer waste

CAR WASH: Detergents and soap

PARK: Organic waste, consumer waste

BOATING AND FISHING: Oil, consumer waste, organic waste

HOSPITAL: Organic waste, consumer waste, some hazardous sub-
stances associated with medicines or diseases

FIELD OF CROPS: Pesticides, fertilizer, herbicides, organic waste

FISHING PIER: Consumer waste, organic waste

FOOD PROCESSING PLANT: Organic waste

LANDFILL: Organic waste, consumer waste, Icichate

NEIGHBORHOODS: Organic waste, consumer waste

ABANDONED INDUSTRIAL Stockpiles of foundry sand containing heavy metals
PLANT: including lead, zinc, copper, cadmium

POWER PLANT: Water used to cool down machines

PUBLIC BEACH: Consumer waste

TRUCK STOP AND GARAGE: Oil, organic waste

SEWAGE TREATMENT PLANT: Organic waste

WOODLAND: Organic waste (tree limbs, leaves, carcasses, etc.)
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